This Page Is Inserted by BFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the applicant , 

Defects in the images may include (but are nor limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OK SIDES 

• FADED TEXT 

• BLLEGEBLE TEXT 

• SKB^D/StANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



F' ENT COOPERATION TRE/ ' 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 

21 December 1999 (21.12.99) 




International application No. 
PCT/SE99/00511 


Applicant's or agent's file reference 
PM 445 PC 


International filing date (day/month/year) 

30 March 1999 (30.03.99) 


Priority date (day/month/year) 
31 March 1998 (31.03.98) 


Applicant 

PERSSON, Bertil etal 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 

27 October 1999 (27.10.99) 

| [ in a notice effecting later election filed with the International Bureau on: 



2. The election | X | 

□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WIPO 


34, chemin des Colombettes 


A. Karkachi 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 


3023815 



U 012894-7 



ENT COOPERATION TRE/ 

From the INTERNATIONAL BUREAU 



WO 99/52589 
PCT/SE99/0051 



4, 



PCT 



NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 



Date of mailing (day/month/year) 
21 October 1999 (21.10.99) 



To: 



MAGNUSSON, Gustav 
Magnupatent AB 
P.O. Box 6207 
S-200 11 Malmo 
SUEDE 



ANKOM 

1999 -10- 2 9 
MAGNUPATENT AB 



Applicant's or agent's file reference 
PM 445 PC 


IMPORTANT NOTICE 


International application No. 
PCT/SE99/00511 


International filing date {day/month/year) 

30 March 1999 (30.03.99) 


Priority date (day/month/year) 
31 March 1998 (31.03.98) 


Applicant 

ADITUS MEDICAL AB et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,CN,EP,IL,JP,KP,KR,US 

In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
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applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
21 October 1999 (21.10.99) under No. WO 99/52589 

REMINDER REGARDING CHAPTER II (Article 31{2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 1 9-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70. 16 and Section 607 of the Adniinistrative Instructions under the PCT). 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/SE99/00511 



I. Basis of the report 



1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to m this report as "originally filed" and are not annexed to the report since they do not contain amendments.) : 



| | the international application as originally filed. 



the description, 


pages 


1-21 


, as originally filed, 




pages 




, filed with the demand, 




pages 




, filed with the letter of 




pages 




, filed with the letter of 


the claims, 


Nos. 


9-18 


, as originally filed, 




Nos. 




, as amended under Article 19, 




Nos. 




, filed with the demand, 




Nos. 


1-8 


, filed with the letter of 18.04. 2000 




Nos. 




, filed with the letter of 


the drawings, 


sheets/fig 1 — 12 


, as originally filed, 



sheets/fig 
sheets/fig 
sheets/fig 



, filed with the demand 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 
| | the description, pages 

j j the claims, 



Nos. 



j j the drawings, sheets/fig 



2 I I This report has been established as if (some of) the amendments had not been made, since they have been considered to [ 
' ' 1 beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary: 



Form PCT/IPEA/409 (Box I) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/SE99/00511 



III. Non-establishment f opinion with regard to novelty, inventive step and industrial applicability 



The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 
applicable have not been examined in respect of: 

| | the entire international application, 

claims Nos. 4 



because: 

[ [ the said international application, or the said claims Nos. 



relate to the following subject matter which does not require an international preliniinary examination (specify): 



| | the description, claims or drawings (indicate particular elements below) or said claims Nos. 
are so unclear that no meaningful opinion could be formed (specify ): 



| | the claims, or said claims Nos. are S o inadequately supported 

by the description that no meaningful opinion could be formed. 



^ no international search report has been establised for said claims Nos. 4 
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V. Resoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


1 . Statement 










Novelty (N) 


Claims 


1-3, 5-18 




YES 




Claims 






NO 


Inventive step (IS) 


Claims 


1-3.5-18 




YES 




Claims 






NO 


Industrial applicability (IA) 


Claims 


1-3.5-18 




YES 




Claims 






NO 



2. Citations and explanations 

The aim of the claimed invention is to make electrodynamic 
treatment of tumors more efficient especially with internal 
organs. This is achieved by measuring the impedance in the 
tissue under treatment. The size of the impedance controls the 
size of the pulse by a feedback coupling. The electrodes are 
designed in that way that the field lines can be focused to 
the desired treatment region. 

The following documents were cited in the International Search 
Report : 

Dl WO 97/07853, A 
D2 WO 93/23112, Al 
D3 US 5,527,357, A 

Dl describes a device for distributing medical substances to 
an organ with the aid from a pulsed electrical field. The 
impedance is measured and used, by feedback coupling, to 
control the size of the pulse. 

D2 describes a medical device with pointed electrodes. The 
electrodes are surrounded with the insulating layer of an 
electrode plate. 

D3 describes a device shaped like a mask used to apply 
electrical current to acupuncture points. 

The invention differs from prior art in that internal organs 
are treated. Prior art inventions can not be used to treat 
internal organs. It is not considered obvious to a person 
skilled in the art to use the devices in prior art for 
treatment of internal organs. Thus, the invention involves an 
inventive step. 
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Supplemental Box 

(To be vised when the space in any of the preceding boxes is not sufficient) 



Continuation of: BOX V. 

Accordingly, the claimed invention, claims 1-3, 5-18 fulfills 
the requirement of novelty (N) , the requirement of inventive 
steps (IS) , and the requirement of industrial applicability 
(IA) . 
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CLAIMS PCT/SE99/00511 

1. An apparatus (60) for controlling the size of, configuration of 
and/or duration of electric fields which are generated by a voltage 

5 generator (1) between electrodes (6,15,16,24) included in the 

apparatus or between electrodes (6,15,16,24) connected to the 
apparatus where the apparatus includes means (4,5) for distributing 
the voltage pulses to the electrodes (6,15,16,24) for the formation 
of the electric fields, and where the electrodes are designed to be 

10 secured at a restricted region of a human or an animal or are 

designed to be inserted in said region, characteri zed 
in that said region excludes the skin of a human or an animal, that 
an impedance measurement unit (50) included in the apparatus is 
disposed, on treatment of tissue or organs adjacent or in said 

15 region, to determine the impedance and/or resistance between said 

electrodes; and that a control and converter unit (10) is included 
in the apparatus or is connected thereto in order, prior to each 
voltage pulse or chain of voltage pulses and based on the 
measurement impedance and/or resistance, to control the size of, 

20 number of, configuration of and/or duration of the voltages applied 

to the electrodes. 

2. The apparatus as claimed in Claim 1, characterized in 
that the control and converter unit (10) includes a VDU (10a); that 

25 the control and converter unit is disposed, prior to the start of 

the generation by the voltage generator (1) of a pulse or chain of 
pulses, to show on the VDU (10a) the form of the pulse or chain of 
pulses calculated by the control and converter unit; and that means 
are included in said control and converter unit for manual or 

30 automatic acceptance of said calculated formation, 

3. The apparatus as claimed in Claim 1 or 2, character- 
ized in that the electrodes (6,15,16,24) are common for the 
impedance measurement unit (50) and for said means (4,5) for 

35 emitting voltage pulses; or that separate electrodes (4,5) are 

provided for the impedance measurement unit and said means for 
emitting voltage pulses. 
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The apparatus as claimed in any of the preceding Claims, 
characterized in that the electrodes (6,15,16,24) are 
disposed, to be placed in a restricted region in a human or in an 
animal or in positions entailing that the electric fields pass 
through said region. 

The apparatus as claimed in any of the preceding Claims, 
characterized in that the apparatus includes means 
(34) for supplying therapeutic substances, genetic material and/or 
ionizing radiation to said restricted region of a human or of an 
animal; or that the apparatus is designed to cooperate with such 
means (34) . 

The apparatus as claimed in any of the preceding Claims, 
characterized in that the apparatus includes sensors 
(8) for detecting electric fields formed by the electrodes 
(6,15,16,24); and that the sensors are connected to a registration 
and converter device (10) for calculating the size of the electric 
field strength in the treatment region; and that, for regulating 
the amplitude of the voltage pulses applied on the electrodes, the 
registration and converter device (10) is connected to the high 
voltage generator (1) and/or to means (2,3,4) connected inbetween 
the high voltage generator (1) and the electrodes (6,15,16,24). 

The apparatus as claimed in any of the preceding Claims, 
characterized in that the electrodes (6) are disposed 
to be excited alternatingly and only two at a time. 

The apparatus as claimed in any of the preceding Claims, 
characterized in that the apparatus includes sensors 
(14) for detecting the distance between the electrodes (6) in each 
pair of excited electrodes; and that said registration and con- 
verter device (10) includes means for adjusting the voltage between 
the electrodes (6) in each pair of excited electrodes based on the 
distance between the electrodes. 

AMENDED SHEET 
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This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



Date of submission of the demand 

09 July 1999 (09.07.99) 


Date of completion of this report 

19 January 2000 (19.01 .2000) 


Name and mailing address of the IPEA/EP 
Facsimile No. 


Authorized officer 
Telephone No. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 


International application No. 

PCT/DE98/03395 


I. Basis of the report 


1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments ). 


| | the international application as originally filed. 






the description, pages 1-15 


, as originally filed, 




pages 


, filed with the demand, 






, filed with the letter of - 




pages 


, filed with the letter of - 




the claims, Nos. 


, as originally filed, 




NOS. 


, as amended under Article 19, 


Nos. 


, filed with the demand, 




Nos. 1-15 


, filed with the letter of 


08Julv 1999 f 08.07. 1999) 


Nos. 


_ , filed with the letter of 




the drawings, sheets/fig 1/7-7/7 


, as originally filed, 




sheets/fig 


, filed with the demand, 




sheets/fig 


, filed with the letter of 




sheets/fig 


_ , filed with the letter of 




2. The amendments have resulted in the cancellation of: 






1 1 the description, pages 






1 1 the claims, Nos. 






1 1 the drawings, sheets/fig 






3. Ell ™ s re P ort nas been established as if (some of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 


4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step r industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (I A) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-15 



1-15 



1-15 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 

The following documents are referred to: 



Dl: DE-A-40 33 541 (HENNING GMBH GEB) , 23 April 1992 
D2: US-A-2 850 332 (BEGLE) , 2 September 1958 

Document Dl, which is considered to be the closest prior art, 
discloses (cf. Figure 1 and Claim 1) a segmented apron. The 
subject of Claim 1 of the present application differs from 
the apron disclosed in Dl in that: 



the portions of the lateral faces which are furthest 
from the large face of the segment have curved edges 
which can roll against adjacent segments as the segments 
pivot relative to each other. 



The subject of Claim 1 is therefore novel (PCT Article 33(2)). 

The object of the invention can thus be regarded as that of 
providing a segmented apron with improved bending properties 
to allow deflection and reeling. 

The solution involves an inventive step (PCT Article 33(3)) 
because it is not disclosed in or suggested by of the 

documents cited in the international search report. 
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Document Dl discloses segments of trapezoidal cross-section, 
which have, instead of curved edges, sloping lateral faces 
that act as stops and limit the deflection angle (see Claim 
6) . Figure 5 in Dl shows segments with rounded lateral faces, 
but these serve merely to prevent overstretching of the 
segment connectors and do not roll off each other (see Dl, 
column 3, lines 12-31) . Furthermore, there is nothing to 
suggest combining the design features of the embodiment shown 
in Figure 1 with those shown in Figure 5 in order to arrive 
at the subject of the present invention. Although the 
segmented apron according to the embodiment shown in Figure 6 
has an apparently closed surface and segments with lateral 
faces that include a curved portion, there is no rolling 
motion because in each case an inwardly curving edge and an 
outwardly curving edge engage each other and guide the faces, 
the sweeping action being again limited by stops. A similar 
segmented apron is known from document D2 (see in particular 
Figure 2) . 

The claimed solution generates less noise than the prior art 
solutions referred to. This is because the segments roll off 
each other and have a greater sweep than the known segmented 
aprons that form a closed surface when in the extended 
position. 

Claims 2-15 are dependent on Claim 1 and therefore also meet 
the PCT requirements of novelty and inventive step. 

All the claims meet the requirement of industrial 
applicability (PCT Article 33(4)). 
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VII. Certain defects in the international application 



The following defects in the form or contents of the international application have been noted: 



1. The description is not consistent with the claims 
(PCT Rule 5. 1 (a) (iii) ) . Specifically, the passage 
from page 4, line 19 to page 5, line 22 is not 
consistent with the amendments made to the claims, 
which causes problems of clarity when the description 
is used to interpret the claims. 

2. Contrary to the requirements of PCT Rule 5.1(a) (ii) , 
the description does not indicate the relevant prior 
art disclosed in document Dl, nor does it cite the 
said document. 
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Anordning for behandl ing av sjukdomar 

5 Foreliggande uppfinning avser en anordning for generering av pulser av elekt- 
riska fait i ett begransat omrade hos en manniska eller ett djur enligt in- 
gressen till det oberoende patentkravet . 

De terapi former som rutinmassigt anvands inom modern sjukvard for tumorterapi 
10 ar exempel pS behandlingar dar utfallet av behandl ingarna ar otill fredsstal - 
lande. Vid t ex tumorterapi misslyckas man ofta med att astadkomma lokal 
tumorkontroll vilket ar dodsorsaken hos ca 30* av cancerpati enter. Det ar 
darfor viktigt att utveckla ny och forbattrad teknik for lokal och regional 
tumorbehandling, 

15 

I dagens sjukvard ar kirurgi, kemterapi och stralterapi aven benamnd stralbe- 
handling eller kombinationer harav de vanligast anvanda metoderna for behand- 
ling av maligna tumorer. Ungefar varannan patient med infiltrerande cancer be- 
handl as med stralterapi men endast ca halften av patienterna blir botade. 
20 Misslyckandet beror dels pa forekomsten av spridd sjukdom (f jarrmetastaser) 
eller recidiv (atervaxt av tumor i behandl ingsomradet) . dels pa att vissa 
tumorformer ar resistenta mot strfil behandl ing eller kemterapi . 

Med varierande framgang har man forsokt att forstarka och forbattra strfll- 
25 terapins effektivitet att sterilisera tumorer. Man har t ex anvant sig av mer 
sofistikerade stralterapitekniker , sasom stereotaktisk behandling, "conformal 
radiotherapy", av andrad fraktionering eller tillfort lakemedel for att oka 
strSlkansligheten hos tumorerna. 



30 Man anvander ocksa varme som adjuvant till joniserande straining vilket for 
vissa tumorformer kan oka antalet kompletta remissioner med upp till en faktor 

tva. 



"CT/Sc y ; / u C j 1 1 
3 0 -03- 1999 



2 

Aven vid vissa rent medicinskt behandlade sjukdomar i lokala organ ar ibland 
utfallet av behandlingarna otillrackligt. Det ar uppenbart att utover de 6ns- 
kemal som foreligger betraffande battre teknik for behandling av t ex tumorer 
foreligger det saval onskemal som behov av en mer effektiv teknik for behand- 
5 ling av vissa andra sjukdomar. Vid t ex lokal behandling av lokala organ eller 
tumorer ar det till stor fordel om man vid varje behandl ingstil 1 fal le har 
mojlighet att anpassa behandl ingens intensitet efter den status vavnaden har i 
det lokala omrade eller i det organ som behandl as. 

10 Enligt uppfinningen anvander man sig av en serie korta hogspanningspulser for 
att alstra ett elektriskt fait i det lokala omrade eller i det organ som skall- 
behandl as. I den fortsatta beskri vningen anvands aven uttrycket Hogvolts Im- 
puls Terapi ibland forkortat till HVIT. 

15 Behandl ingen med elektriska fait astadkommer en perforering av eel lmembranen 
vilka darigenom ti Hater passage av till kroppen tillforda amnen (t ex 
cytostatika eller genetiskt material). Behandl ingen medfor okat inflode av 
terapeutiska substanser varigenom effekterna hos kemterapi forstarks. Utflode 
av specifika amnen ur t ex perforerade tumdrceller astadkommer dartill ofta en 

20 stimulering av immunsystemet . Vid total dielektrisk kollaps uppnSs ofta att 
cellerna steriliseras direkt av det av hogspanningspulsen bildade elektriska 
faltet. Metoden har vid kliniska forsok visat sig vara effektiv i kombination 
med cytostatika (Bleomycin) for t ex behandling av melanom och tumorer i hals, 
huvud, lever, pankreas och lungor. 

25 

Vid HVIT bestams behandl ingsresul tatet av hur manga och hur 15nga hogspan- 
ningspulser man utsatter vavnaden for och av hur hog elektrisk faltstyrka de 
pSlagda pulserna skapar i vavnaden samt av den form eller frekvens pulserna 
har. For att fa en effektiv och saker behandling maste alia dessa fysi kali ska 

30 parametrar kunna kontrolleras. Biologiska egenskaper som pciverkar behand- 
1 ingsresul tatet ar bl a vavnadens elektriska ledningsformaga, dielektriska 
egenskaper. cellstorleken och cellmembranens struktur. Alia dessa egenskaper 
. varierar mell-an olika vavnader. For att uppna optimal behandl ingseffekt ar det 
darfor nodvandigt att mata hur vavnadens elektriska egenskaper forandras 

35 mellan varje hogspanningspuls eller mellan serierna av pulser dvs faststalla 
nar cellerna ar tillrackligt perforerade. 



"CT/ SE 9 ✓ / 0 C j 1 1 

3 0 -03- 1999 

3 

Vid tidigare anvand HVIT var det inte mojligt att kontrollera nar vavnaden var 
tillrackligt perforerad dvs fardigbehandlad, vilket medforde att man ibland 
underbehandlade och ibland overbehandlade vavnaden. Detta medforde en osaker- 

5 het i behandlingsresultatet. En typisk HVIT behandling enligt tidigare til lam- 
pad teknik innebar att man placerade en applikator over den vavnad som man 
avsag att behandla. Hogspanningspulsgeneratorn stall des t ex in s& att utspan- 
ningen motsvarade en faltstyrka i malvolymen pa ca 1300 V/cm. Behandlingen 
genomfordes med ett fixt antal pulser som man visste vanligen gav onskat 

10 resultat. Svagheterna i detta forfarande var dels att man inte visste stor- 
leken pa det elektriska fait som generatorn i realiteten genererade i 'mal- 
volymens vavnad. dels att man inte hade nagon mojlighet att bedoma nar behand- 
lingen var tillracklig. 

15 Uppfinningen avser en anordning vari ingar mekaniska organ for att utsatta en 
vavnad inom ett begransat omrade eller ett organ hos en manniska eller hos ett 
djur for en eller fl era pulser av ett elektriskt fait med en for det aktuella 
behandlingstill fal let installbar faltstyrka, form, varaktighet och frekvens. 
Med uttrycket "varaktighet" avses saval pulsernas langd som antal et pulser. 

20 med uttrycket "frekvens" avses scival hur ofta pulserna upprepas som den frek- 
vens med vilken faltet vaxl ar under pagaende puls. 

Den kannetecknande del en av det oberoende patent kravet anvisar en teknik som 
medfor en vasentlig forbattring av kirurgins. kemterapins och stralterapins 
25 effektivitet . Tekniken ar aven tillampbar inom modern molekylarmedicin dar man 
skraddarsyr substanser och genetiska DNA-sekvenser som skall foras in i 
vavnadsceller . 

I de beroende patentkraven anges ytterligare andamalsenliga ut f or ings former av 
30 uppfinningen. 

Uppfinningen beskrivs narmare med hanvisning till ett antal figurer. vilka vi- 
sar i : 
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fig 1 ett blockschema for en principiell anordning for applicering av 

elektriska fait i ett begransat omrade hos en manniska eller ett 
djur. 

5 fig 2 ett blockschema for en principiell anordning for applicering av 

elektriska fait och/eller joniserande straining i ett begransat 
omrade hos en manniska eller ett djur. 

fig 3 ett blockschema for en ut fori ngs form av en kombi nation av organ 

10 for bildandet av elektriska fait i ett begransat omrade hos en 

manniska eller ett djur. 

fig 4a -d utforingsformer av elektrodapplikatorer for extern behandling av 
vavnad. 

15 

fig 5 en utforingsform av en elektrodapplikator fpr intraoperati v be- 

handling av t ex tumorer och ytliga tumornoduler , 

fig 6a-d utforingsformer av elektroder och elektrodapplikatorer utformade 
20 for interstitiell behandling av vavnad, 

fig 7a-c utforingsformer av elektroder och elektrodapplikatorer utformade 
for behandling av t ex tumorer i kroppskaviteter och i organ 
atkomliga via stora karl , 

25 

fig 8 utforingsformer av elektroderna i vilka dessa ar anordnade for 

kombi nationsbehandling med antitumorala lakemedel. 

fig 9a -e exempel pa former hos spanningspulser som palaggs elektroderna, 

30 

fig 10 ett forenklat blockschema for en utforingsform av anordningen. 

fig 11a en modell for den principiella strukturen hos levande vavnad, 

35 fig lib ett elektriskt principschema for den elektriska strukturen hos 
levande vavnad och 
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fig 12 en elektrisk modell for en pulsgenerator ansluten till levande 

vavnad. 

5 I fig 1 visas i ett blockschema den principiella utformningen av en hogspan- 
ningsgenerator 1. elektroder 6,15.16.24 och ett registrerings- och omraknings- 
organ 10 t ex en dator eller en mikroprocessor 10 vilka organ samtliga ingar i 
anordningen enligt uppfinningen. I fortsattningen anvands for registrerings- 
och omrakningsorganet utan nagon begransande innebord aven ordet dator. Mel- 

10 lan hogspanningsgeneratorn 1 och elektroderna 6.15.16.24 ar anordnat en eller 
flera signal forbindelser 32 och elektriska ledare 33. Mellan datorn 10 och 
hogspanningsgeneratorn 1 och mellan datorn och elektroderna 6.15.16.24 ar an- 
ordnat en eller flera signal forbindelser 32. Aven om signalforbindelserna 32 i 
figuren ar visade som direkt forbindande datorn och elektroderna. ar det up- 

15 penbart att anordningen som sadan aven innefattar i den ^fortsatta beskriv- 
ningen beskrivna organ, sasom brytare 3. fordelardosa 4. elektrodappl i kator 5 
etc for styrning av spanningssattningen av elektroderna etc. 

I figur 2 visas en utforingsform av uppfinningen dar en stralningssandare 34 
20 via signal forbindelser 32 ar ansluten till datorn. I vissa ut for ings former ar 
stralningssandaren mekaniskt sammanbygd med hogspanningsgeneratorn medan den i 
andra utforingsformer endast har signal forbindelser med den i figur 1 visade 
kombinationen av organ. 

25 I figur 3 visas schematiskt en utforingsform av en kombi nation av organ for 
att i en anordning enligt uppfinningen bilda elektriska fait. I figuren visas 
block for en hogspanningsgenerator 1, ett kondensatorbatteri 2, en brytare 3, 
en fordelardosa 4 for distribution av hogspanningspulser som genereras vid ur- 
laddning av kondensatorbatteri et 2 genom brytaren 3 till en el ektrodappli kator 

30 5 och elektroder 6 avsedda att placeras i eller invid det vavnadsomrade 7 

eller organ 7 hos den patient som ar under behandling. Hogspanningsgeneratorn 
1. kondensatorbatteriet 2, brytaren 3 och fordelardosan 4 ar medelst elekt- 
riska ledare 33 kopplade i serie med varandra. Mellan fordelardosan 4 och 
elektrodapplikatorn 5 ar anordnat minst en elektrisk ledare 33 och minst en 
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signal forbindel se 32. Via signal forbindel serna 32 styr fordelardosan 4 span- 
ningssattningen av elektrodappl ikatorns elektroder, vilka via de elektriska 
ledarna 33 sammankopplas med fordelardosan 4 och via den elektriska ledaren 33 
med brytaren 3. I en alternativ utforingsform ar varje elektrod 6 elektriskt 
5 forbunden med brytaren 3 med en elektrisk ledare 33. 

Som regel spanningssatter brytaren 4 -eller elektrodappl ikatorn samtidigt en- 
dast tva elektroder 6. medan ovriga elektroder tillats anta den potential som 
bestams av elektrodens placering i behandl ingsomradet . Med begreppet span- 

10 ningssattning innefattas i detta sammanhang aven att en eller flera elektroder 
ar jordade (har nol 1 potential ) . Brytaren 4 och/eller elektrodappl ikatorn 5 ar 
anordnade for att om sa dnskas til lata parvis spanningssattning av samtliga 
elektroder som appliceras i behandl ingsomradet . Det ar uppenbart att i vissa 
utforingsformer ar organen anordnade for att vid spanningssattningen till del a 

15 flera elektroder en i huvudsak overensstammande potential. 

Alla'enheter ar via signal forbindel ser 32. vilka i vissa utforingsformer ar 
helt eller delvis tradlosa. anslutna till ett registrerings- och omrakningsor- 
gan 10 med en skarm 10a. I fortsattningen anvands for registrerings- omrak- 
20 ningsorganet aven benamningarna styr- och omrakningsenhet 10 eller dator 10. 
Datorn 10 utgor ett styr- och kontrol lorgan for anordningens funktion. 

Med uttrycket elektrodappl ikator 5 avses en hallare for elektroderna 6. dar 
hallaren ar utformad for att underlatta elektrodernas korrekta applicering 
25 till eller i behandl ingsomradet. 

Datorn installs som regel for att hogspanningspul serna skall innehalla fol- 
jande data: 



repeti t i onsf rekvens 
ampl itud 
pulslangd 
antal pulser 



ca 0.1-10000 per sekund 



ca 50-6000 V 



ca 0.1 - 200 ms 



1-2000 per behandling. 
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Pulserna appliceras fore, under eller strax efter strai behandl ingen. Exempel 
pa anvand pulsform ar fyrkantspuls med pulslangd 0.1 - 2 ms eller exponent i- 
ellt avtagande puis med en tidskonstant RC ungefar lika med 0.1-2 ms. Vid 
stora amplituder hos spanningen valjs som regel kortare pulslangder och vice 
5 versa. 

Hogspanningsgeneratorn 1 ar som regel anordnad for att avge modulerad vaxel - 
spanning med en frekvens inom interval let 40Hz-2MHz och som regel inom inter- 
val let 40Hz-100kHz. I de utforingsformer dar hogspanningsgeneratorn ar anord- 
10 nad for att avge vaxel spanning med hog frekvens anvandes en modulator i stal- 
let for kondensatorbatteri och brytare for att bilda korta modulerade hog- 
frekvenspulser med en pulslangd inom omradet ca 0.1-200 ms. 

Som framgSr av den i figur 3 visade utforingsformen ingar i anordningen som 
15 regel aven sensorer 8 avsedda att appliceras pa patients i behandl ingsomra- 
det. Sensorerna ar via ett detektorinterface 9 forbundna med registrerings- 
och omrakningsorganet 10. Vid applicering av behandl ingspul sen genereras en 
signal i sensorerna 8 vilken via interfacet 9 overfors till och registreras i 
datorn 10. Fr3n de uppmatta signalerna beraknar datorn den av pulsen induce- 
20 rade elektriska faltstyrkan och den elektromotoriska kraften i olika delar av 
behandl ingsomrSdet 7. Dessa signaler medfor att datorn 10 ger signal till hog- 
spanningsgeneratorn/kondensatorbatteriet (aterkoppling) att justera amplituden 
pa de genererade pulserna sh att den forutbestamda faltstyrkan uppnas i 
behandl ingsomrcidet. Denna kontroll och justering sker kontinuerligt under 
25 appliceringen av pulserna. 

I figurerna 4a -d visas utforingsformer av elektrodappl ikatorer 5 for extern 
behandl ing av en patient med elektroderna 6 applicerade i ett begransat omrSde 
pa patienten och i olika konfigurationer kring det vavnadsomrSde 7 t ex en 
30 tumor 7 som skall behandl as. Figurerna 4a och 4b visar hur man genom korsvis 
applicering av de elektriska hogspanningspulserna till olika kombinationer av 
tvS elektroder 6 uppnSr att. s3som markeras i figuren av de elektriska 
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faltstyrkelinjerna. det elektriska faltet passerar genom alia delar av 
vavnadsomradet 7. 

Figur 4c-d visar hur elektroder ar utformade med olika stora anl iggningsytor 
for att faltlinjerna skall fokuseras till onskat behandl ingsomrade. De elekt- 
riska hogspannihgspulserna har vid starten av behandl ingen t ex en spanning 
som justeras efter avstandet mellan elektroderna . Spanningen justeras da 
enligt sambandet: 

Spanning = (konstant) x (avstandet mellan de parvisa elektroderna). Var- 
det pa konstanten varieras efter typ av vavnad och valjs som regel till 
varden mellan ca 500 - 3000 V/cm. 
Sedan behandl ingen paborjats reglerar den nedan beskrivna styrenheten och 
impedansmatenheten pulsgeneratorns utspanning till varden som medfor att 
efterstravad elektrisk faltstyrka passerar genom vavnaden. 

I figur 5 visas en utforingsform av en elektrodapplikator 5 for intraoperati v 
behandl ing och behandl ing av t ex ytliga tumornoduler 7. Elektrodapplikatorn 
har en saxliknande utformning och innehaller tva skanklar 12 av elektriskt 
isolerande material (t.ex. teflon) vilka ar rorligt forbundna med varandra i 
en lagring 11. Skanklarna ar forsedda med en gripsparr 13. I ena anden av var- 
dera skankeln 12 ar skanklarna forsedda med fingergrepp och i sina andra andar 
med elektroder 6 som griper om tumornodulerna 7. Gripsparren 13 fixerar 
skanklarna 12 i installt lage. Spanningen pa de elektriska hogspanningspul - 
serna justeras efter tumorens 7 storlek med hjalp av en i elektrodapplikatorn 
inbyggd avstandssensor 14 som ar ansluten till datorn 10. Spanningen installs 
vid starten av behandl ingen t ex enligt sambandet: 

Spanning = (konstant) x (avstandet mellan de parvisa elektroderna). Var- 
det pa konstanten anpassas efter typ av tumor och valjs som regel inom 
intervallet ca 500 - 3000 V/cm. 
Sedan behandl ingen paborjats reglerar den nedan beskrivna styrenheten och 
impedansmatenheten pulsgeneratorns utspanning till varden som medfor att 
efterstravad elektrisk faltstyrka passerar genom vavnaden. 
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I figur 6a -d visas utf firings former av elektroder 15,16 och en fixtur 18 for 
elektroderna dar elektroderna och fixturen ar lampade att anvandas for inter- 
stitiell behandling av saval ytlig som djupliggande vavnad. I figur 6a visas 
elektroderna 15,16 i tva olika utforingsformer namligen i en utforingsform i 
5 vilken elektroderna 15 ar nalformade och i en utforingsform i vilken elektro- 
derna 16 ar stilettformade. Elektroderna 15.16 ar var och en i ett parti 31 
narmast sin ena ande forsedda med en elektrisk ledare 33 for anslutning till 
hogspanningsgeneratorn 1. Nyss namnt parti ar forsett med ett elektriskt iso- 
lerande skikt 17 eller en elektriskt isolerad hylsa 17 i vilken elektroden ar 
10 inskjuten. 

Elektroderna appliceras i olika konfigurationer i och omkring den vavnad 7 
eller det organ 7 som skall behandlas antingen direkt for fri hand eller med 
hjalp av en halforsedd elektrodappl ikator (fixtur) 18. Elektrodappl ikatorn ar 

15 som regel utformad for att avlagsnas fran elektroderna B.16 sedan dessa 
applicerats pa patienten. Det blir darigenom mojligt att lata elektroderna 
sitta kvar i patienten for att anvandas vid flera efterfol jande behandlings- 
ti 11 fall en. Alternativt avlagsnas elektrodappl ikatorn tillsammans med elektro- 
derna 15.16 efter varje behandling. Aven vid interstitiel 1 behandling forekom- 

20 mer elektroder med olika stora ytor for styrning av det elektriska faltets 
utbredning. 

De delar av elektroderna 15,16 som ar avsedda att foras in i patienten for att 
tacka utbredningen av den vavnad 7 som skall behandlas ar t ex tillverkade av 

25 rostfritt st31 med en kvalitet som overensstammer med eller mots var ar den som 
anvands for injektionsncilar eller ar tillverkade eller Overdragna av annan 
vavnadsvanlig metal! sSsom av adelmetall t ex guld eller platina. Resterande 
del av elektroderna bildar en isolerad del 17 med til ledare 33 for hog- 
spanningspulserna. Vid anvandning av mjuka flexibla tilledare placeras elekt- 

30 roden i en grov kanyl 19 som efter elektrodernas applicering i patienten dras 
tillbaka varvid elektroderna sitter kvar i vavnaden. 
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I vissa ut fori ngs former bestar elektroderna av radioaktiv metal 1 (t.ex. Iri- 
dium-192, kobolt-60) eller ar de ytbelagda med radioaktiva amnen (t ex jod- 
125). I andra utforingsformer ar de utformade som ror 20 av inert metal 1 vilka 
laddas med. radioakti vt material (t ex 192 Ir, 137 Cs. 226 Ra) vilket med fordel sker 
5 genom anvandning av en sk. efterl addningapparat 22. Pulserna har en spanning 
som vid starten av behandlingen t ex bestams av avstSndet mellan elektroderna. 
Spanningen installs da enligt sambandet: 

Spanning = (konstant) x (avstandet mellan parvisa elektroder). Vardet pa 
konstanten valjs efter typ av tumor som regel inom interval let ca 500 - 
10 3000 V/cm. 

Sedan behandlingen pSborjats reglerar den nedan beskrivna styrenheten och 
impedansmatenheten pulsgeneratorns utspanning till varden som medfor att 
efterstravad elektrisk faltstyrka passerar genom vavnaden. 

15 I de tillampningar dar behandling med elektriska fait kotnbineras med stralbe- 
handling fran en stralningskalla som ar belagen utanfor behandl ingsomradet 
tillfors elektroderna i behandl ingsomradet elektriska spanningspulser fore, 
under eller strax efter stral behandlingen. 

20 I figur 7a-c visas elektroder 24 for behandling av vavnad atkomlig via t ex 
stora karl . eller via kroppskaviteter t ex luftvagar. urinvagar och 
mag-tarmkanal . Elektroderna ar anordnade p3 ytan av en cyl inderl iknande elek- 
trodapplikator 23 av isolerande material 17. I vissa utforingsformer ar elekt- 
roderna sa utformade att de fors in i vavnaden genom kanaler 25 i applikatorn 

25 23 manovrerade av en distanskontroll . Som frarngSr av fig 7c mynnar i den i 

foregaende mening angivna ut fori ngs formen kanalerna 25 i elektrodappl ikatorns 
mantelyta varigenom elektroderna 24 vid sin forflyttning styrs in i vavnad som 
omger elektrodapplikatorn. I vissa utforingsformer ar applikatorn anordnad for 
att tillforas radioaktiva preparat. varigenom applikatorn aven bildar ett 

30 strainingsorgan. Applikatorn ar anordnad for att tillforas de radioaktiva 
preparaten manuellt eller medelst en efterl addningsapparat 22. De elektriska 
hdgspanningspulsernas spanning justeras under behandlingen. 
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Faltlinjerna i figur 7a indikerar utbredningen av de elektriska faltlinjerna i 
vavnaden. 



For intrakavitar behandling av vavnad i olika oregelbundet formade kropps- 
5 kaviteter (t ex munhaia, luftvagar. matstrupe. mage, uterus, urinblSsa, urin- 
ledare. andtarm) appliceras elektrodappl ikatorer 23, som framgar av fig 7a-c, 
speciellt utformade efter kavitetens form med elektroder applicerade pa ytan 
24 eller alternativt utformade som nalar som genom kanaler 25 fores in i vav- 
naden med distanskontroll . Dessa applikatorer ar lampade att anvandas t.ex. 

10 for behandling av lungcancer, levertumorer , njurtumorer och tumorer i 

mag-tarmkanalen med reducerad absorberad dos for att minska bieffekter av 
straibehandl ingen i normal vavnad. Prostatacancer behandlas med applikatorer 
applicerade via rectum och urinledare. Dessa applikatorer ar i vissa utfo- 
ringsformer utformade for att laddas med radioaktiva kallor eller radioaktivt 

15 material 21 manuellt eller med efterladdningsapparat 22* 

I figur 8 visas anordning for kombinationsbehandl ing med antitumorala lakeme- 
del dar elektroden 6 ar belagd med ett lager 28 av poros metal 1. glas. kera- 
mik, inert plast eller annan polymer vilken innehaller antitumorala lakemedel 

20 29 (t ex bleomycin, platinol, taxol , monoklonala 'antikroppar). genetiskt mate- 
rial (kromosomer, DNA) eller radioaktiva substanser (t ex jod-125. Auger- 
el ektronemitterare) 29. Denna typ av elektrod ar val lampad att anvandas vid 
stralningsterapi eftersom den hoga elektriska faltstyrkan okar tumorcellernas 
genomslapplighet for ovannamnda substanser och darigenom okar den antitumori- 

25 ell a effekten. 



Fig 9a-e visar exempel pa pulsformer hos de spanningspulser som parvis pcilaggs 
elektroderna 6,15,16.24. I figurerna representera pulsens hojd spanningen 
mellan tva elektroder. Pulsens bredd representerar pulsens langd. Figurerna 9a 
30 och 9c visar exempel p5 fyrkantspulser . fig 9b och 9d exempel ph pul ser vars 
spanning avtar med tiden och fig 9e pulser av vaxel spanning. Fig 9c och 9d 
visar spanningspulser dar, motsvarande vad som galler for vaxel spanning. 
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elektroderna vaxelvis har den hogsta spanningen varigenom motsvarande andring 
sker av det elektriska faltet mellan elektroderna. 

I det i fig 10 visade blockschemat ingSr de ovan beskrivna elektroderna 
6.15.16,24, spanningsgeneratorn 1. styr- och omrakningsorganet 10 aven tidi- 
gare benamnt datorn och en impedansmatenhet 50. Spanningsgeneratorn. datorn. 
elektroderna och impedansmatenheten ar forbundna med varandra med elektriska 
ledare for spanningssattning av elektroderna och for overforing av signaler. 
Det ar uppenbart att i vissa utforingsformer atminstone en del av signal for- 
bindelserna ar utformade som_ trSdlosa forbindelser . 

Fig 11a visar den principiella strukturen for levande vavnad medan fig lib vi- 
sar ett elektrisk principschema for den elektriska strukturen hos vavnaden. 
Motsvarigheterna mellan resistanserna och kapacitansen i det elektriska sche- 
15 mat och i vavnaden framgar av komponenternas beteckningar och av den fortsatta 
beskri vningen. 

Fig 12 visar den principiella elektriska strukturen hos en pulsgenerator 1 
tidigare aven benamnd hogspanningsgenerator . Figuren visar hur vavnadens impe- 
20 dans Zvavnad via elektroderna 6.15,16.24 ar seriekopplad med pulsgenerator ns in- 
re impedans Zgenerator. Med U avses pulsgeneratorns elektromotoriska kraft (EMK). 

Det ar uppenbart att de ovan beskrivna mekaniska enheterna i vissa utforings- 
former av uppfinningen bildar frSn varandra separerade mekaniska enheter som 
25 ar sammankopplade med varandra medelst elektriska ledare och signal forbindel - 
ser medan i andra utforingsformer nSgra av enheterna eller alia enheterna med 
undantag for elektrodapplikatorn och elektroderna bildar en med spanningsgene- 
ratorn. impedansmatenheten eller datorn sammanhallen mekanisk enhet. 

Som framgar av den ovanstaende beskri vningen avser uppfinningen en anordning 
for hogvoltsimpulsterapi (HVIT) med detektering av behandlingseffekten. I an- 
ordningen ingar en impedansmatenhet som vid behandling av vavnad eller organ 
anvands for att mata vavnadens elektriska impedans. Impedansmatenheten ar som 
regel anordnad for att mata vavnadens impedans vid minst en frekvens. Vanligen 
ar impedansmatenheten anordnad att mata vavnadens impedans inom ett frekvens- 



5 



10 



30 



35 



5 



/iCb 1 1 

0 -03- 1999 



13 



omrade t ex inom omradet 10 Hz till 10 MHz. Med hjalp av en matematisk algo- 
ritm beraknas en teststorhet vars varde ar ett matt pa behandl ingseffekten. 

Spanningen over vavnaden blir i enlighet med vad som visas i figur 12: 

Uvavnad = Ugenerator * Zvavnad / (Zvavnad + Zgenerator) 



Vavnadens impedans varierar mycket kraftigt beroende pa den behandl ade 
vavnadens cellstruktur och uppbyggnad, den kringliggande vavnadens 

10 beskaffenhet samt mangden kroppsvatskor som finns i och kring det behandl ade 
omradet. Eftersom generatorns utgangsimpedans inte ar liten i forhallande till 
vavnadens impedans kommer utspanningen att variera kraftigt beroende pa var 
och hur applikatorn placeras. Det har visat sig vid praktiska forsok att aven 
om en applikator placeras pa samma stall e. markt med en farg pa kroppen, 

15 kommer impedansen att variera kraftigt f ran gang till gang beroende pa sma 
skillnader i placering och kontaktimpedans samt skillnac^er i vatskemangd och 
beskaffenhet hos vavnaden. 



For att kunna forutsaga den verkliga pulsspanningen fran pulsgeneratorn maste 
20 vavnadens impedans vid varje tillfalle vara kand. Endast om man justerar ut- 
spanningen fr3n generatorn med utgangspunkt frfin generatorns utgangsimpedans 
och den aktuella vavnadens impedans uppnar man en forutsagbar och konstant ef- 
fekt. Enligt uppfinningen ingar i anordningen organ for matning av impedansen 
hos den behandl ade vavnaden och organ for att anvanda denna information for 
25 styrning av pulsgeneratorns utspanning sa att onskad faltstyrka alltid uppnas 
i vavnaden. 



Fig 10 illustrerar ett sadant system. En styrenhet ingar i anordningen och 
mater med hjalp av impedansmatenheten vavnadens impedans. Styrenheten justerar 

30 utspanningen fran generatorn sS att onskad faltstyrka uppnas. PS styrenheten. 
som t ex ar en persondator, stall er man in onskad faltstyrk, varefter styr- 
enheten mater impedansen i vavnaden och raknar ut erforderlig pulsspanning 
fran generatorn. Nar sedan en puis appliceras kommer faltstyrkan alltid att 
vara konstant eftersom styrenheten hela tiden mater och justerar spanningen 

35 frSn generatorn innan pulsen genereras. 
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Med systemet i fig 10 uppnas den efterstravade effekten dvs att hall a en (cons- 
tant utspanning fran pulsgeneratorn oberoende av impedansen i vavnaden. Det 
visar sig ocksa att ett system enligt fig 10 lampar sig utmarkt for att mata 
och bedoma det behandl ingsresultat man uppnar vid HVIT. Genom att mata impe- 
5 dans och utfora analys av impedansforandring i vavnaden efter att en puis pa- 
lagts ges underlag for att bedoma nar behandl ingen ar fullbordad och inga fler 
pulser behovs eller ger ytterligare positiv effekt. Denna metod bygger pa den 
vavnadsmodell som visas i fig 11a ,b. 

10 Impedansen hos vavnad bestar i huvudsak av tre komponenter, resistansen hos 
den extracellulara vatskan, resistansen hos den intracellular vatskan och den 
kapacitans som bildas genom cellmembranens likstromsisolerande verkan. I mo- 
del len har vi slagit samman cellkarnans impedanspaverkan med resistansen hos 
den intracellular vatskan. Vid laga frekvenser kommer endast strom att flyta 

15 genom den extracellulara vatskan och impedansen bestams i huvudsak av Rev. Vid 
medelhoga frekvenser kommer cellmembranens kapacitans, Can tillsammans med den 
intracellular vatskans resistans, Riv, att borja paverka impedansen. Vid hoga 
frekvenser kommer i huvudsak komponenterna Rev och Riv att paverka vavnadens 
impedans. Saledes kommer man att fa ett frekvensberoende hos vavnadens impe- 

20 dans som till stor del beror av cellmembranens tjocklek och cellernas utform- 
ning. Vid laga frekvenser ar impedansen ungef ar R ev och vid hoga frekvenser 
Rev//Riv. Tecknet // anvands for att ange att Rev ar parallellkopplad med Riv. 

Zvavnad = Rev / / (Riv + Ccm) 

25 

Eftersom behandl ingen med elektriska fait syftar till att permeabi 1 isera eller 
helt forstdra cellmembranen far man genom matning av forandringen hos Ccm 
klarhet i om behandl ingen ar fullbordad eller ej. Nar samtliga cellmembran i 
vavnaden ar forstorda sker ingen forandring av Ccm langre och vavnaden ar far- 
30 digbehandlad. 

Tabell 1 nedan illustrerar en uppsattning impedansmatningar som tagits under 
behandl ing av rStta med tumor. 
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- Tabell 1 Uppmatt vavnadsimpedans i ohm hos ratta med tumor 



Frekvens/Pulser 


0 pulser 


16 pulser 


32 pulser 


48 pulser 


64 pulser 


10 Hz 


232.24 


160:12 


160.36 


172.53 


179.3 


15 Hz 


229.42 


157.76 


151.48 


163.37 


159.61 


20 Hz 


200.28 


145.46 


138.84 


148.89 


141.78 


30 Hz 


173.9 


134.11 


127.56 


132.16 


125.87 


50 Hz 


153.7 


122.75 


116.44 


120 


112.29 


70 Hz 


144.46 


116.39 


110.38 


136.26 


105.58 


100 Hz 


137.64 


110.69 


105.13 


105.47 


100.31 


150 Hz 


130.68 


104.86 


99.79 


99.71 


95.35 


200 Hz 


125.81 


100.97 


96.31 


96.23 


92.26 


300 Hz 


120.3 


96.27 


92.06 


92.19 


88.73 


c r\ r\ t t 

500 Hz 


1 13.96 


91.09 


87.49 


87.84 


84.91 


700 Hz 


109.83 


87.88 


84.68 


85.16 


82,6 


1000 Hz 


105.88 


85.03 


82.2 


83.03 


80.62 


1500 Hz 


101.99 


82.12 


79.71 


81.84 


78.59 


2000 Hz 


99.34 


80.27 


78.02 


79.54 


77.69 


3000 Hz 


96.12 


77.98 


76.06 


77.18 


75.72 


5000 Hz 


92.28 


75.4 


73.81 


74.85 


73.71 


/uuu rrz 


on nn 
oy. I Z 


11 Q £ 
IJ.OJ 


/Z.4 1 


73.86 


72.54 


10000 Hz 


87.38 


72.45 


71.14 


73.52 


71.43 


15000 Hz 


84.91 


70.91 


69.71 


72.53 


70.15 


20000 Hz 


83.18 


69.75 


68.62 


71.51 


69.17 


30000 Hz 


80.8 


68.23 


67.14 


69.81 


67.8 


50000 Hz 


77.73 


66.26 


65.28 


68.24 


65.97 


70000 Hz 


75.62 


64.79 


63.9 


66.67 


64.65 


100000 Hz 


73.01 


63.01 


62.1 1 


64.62 


62.93 


150000 Hz 


70.42 


61.05 


60.3 


64.06 


61.19 


200000 Hz 


68.3 


59.37 


58.76 


61.93 


59.65 



30 Av tabell 1 framgSr att impedansen minskar vid laga och medelhoga frekvenser 
efter behandling med pulser. Minskningen sker i forsta hand efter de inledande 
16 pulserna och forandringen avtar snabbt darefter. Rattan ar alltsfi vasentli- 
gen fardigbehandlad redan efter de forsta 16 pulserna och vidare behandling 
efter 32 eller 48 pulser ger ingen storre forandring av Ccm. Matdatat i tabell 

35 1 indikerar att behandl ingen ar fullbordad efter 32 pulser. For att bekrafta 
denna bedomning har uppmatta matvarden upptagits och behandl ats sasom beskrivs 
nedan. 
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Tabell 2 visar impedansforandringen i procent vid olika frekvenser efter det 
att elektriska fait genererade av 16 spanningspulser passerat genom vavnaden. 
I tabell en anges i procent den andring av impedansen som varje gang uppstatt 
5 nar en serie av elektriska fait genererade av spanningspulserna har passerat 
genom vavnaden. 

Tabell 2 

Impedansforandring i procent efter behandling med 16 pulser at gSngen 



Frekvens/Pulser 


16 pulser 


32 pulser 


48 pulser 


64 pulser 


10 Hz 


-31.05408 


0.1033414 


5.2402687 


2.9150878 


15 Hz 


-31.23529 


-2.737338 


5.1826345 


-1.638916 


20 Hz 


-27.37168 


-3.305372 


5.0179748 


-3.55003 


30 Hz 


-22.88097 


-3.766532 


2.6451984 


-3.617021 


50 Hz 


-20.13663 


-4.1054 


2.3162004 


-5.016265 


70 Hz 


-19.43098 


-4.160321 


17.914994 


-21.23771 


100 Hz 


-19.58006 


-4.039523 


0.2470212 


-3.7.4891 


150 Hz 


-19.75819 


-3.879706 


-0.061218 


-3.336394 


200 Hz 


-19.74406 


-3.703998 


-0.063588 


-3.155552 


300 Hz 


-19.97506 


-3.499584 


0.1080632 


-2.876143 


500 Hz 


-20.06845 


-3.159003 


0.3071253 


-2.571078 


700 Hz 


-19.98543 


-2.913594 


0.4370391 


-2.330875 


1000 Hz 


-19.6921 


-2.672837 


0.7839063 


-2.276162 


1 500 Hz 


-19.4823 


-2.362977 


2.08844 


-3.186587 


2000 Hz 


-19.1967 


-2.264949 


1.5300987 


-1.862291 


3000 Hz 


-18.87224 


-1.997503 


1.1652102 


-1.518935 


5000 Hz 


-18.29215 


-1.723017 


1.1270048 


-1.235371 


7000 Hz 


-17.68836 


-1.604993 


1.6161391 


-1.471244 


10000 Hz 


-17.08629 


-1.499199 


2.7237354 


-2.391852 


15000 Hz 


-16.48805 


-1.413261 


3.3211636 


-2.802968 


20000 Hz 


-16.14571 


-1.3585 


3.4743929 


-2.813176 


30000 Hz 


-15.55693 


-1.34901 


3.3044554 


-2.487624 


50000 Hz 


-14.75621 


-1.260774 


3.8080535 


-2.920365 


70000 Hz 


-14,32161 


-1.176937 


3.6630521 


-2.671251 


100000 Hz 


-13.69675 


-1.232708 


3.4378852 


-2.314751 


150000 Hz 


-13.30588 


-1.065038 


5.3393922 


-4.075547 


200.000 Hz 


-13.07467 


-0.893119 


4.6412884 


-3.338214 



I tabell ens huvud anges det ackumulerade antalet pulser av elektriska fait som 
35 passerat genom vavnaden. Vid varje behandlingstillfalle har en serie av 16 

pulser passerat genom vavnaden. Vad som i detta stycke anges for tabell huvudet 
i tabell 2 galler aven for de nedan anyan(la tabell huvudena i tabell 3 och 4. 
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Av tabell- 2 framgar pa samma satt som av tabell 1 att behandlingen kan avbry- 
tas efter 32 pulser eftersom impedansforandringen avtar kraftigt. I tabell 3 
nedan visas medelvardet av impedansforandringen efter olika antal pulser. Me- 
5 delvardet ar bildat av samtliga uppmatta frekvenser mellan 10Hz och 200kHz. I 
tabell 3 ser man tydligt att den storsta impedansforandringen sker efter de 
forsta 16 pulserna och endast en ringa forandring sker vid vidare behandling. 

Tabell 3 Successiv forandring i procent av impedansvarden vid frekvenser 
10 mellan 10Hz - 200 kHz 



16 pulser 


32 pulser 


48 pulser 


64 pulser 


-19.9568 


-2.424687 


3.1275358 


-3.366544 



15 I tabell 4 ar vid medelvardesbildningen frekvenser under 100 Hz och frekvenser 
over 10kHz bortvalda. Genom att ta bort de lagsta frekvenserna fran medelvar- 
det forhindrar man att felaktiga impedansvarden pa grund av storningar fran 
kroppens motoriska system paverkar resultatet. De hogsta frekvenserna tas bort 
eftersom impedansandringen vid dessa ar mindre nar Can andras och darfor inte 

20 bidrar till en battre bild av behandl ingsresultatet . 

Tabell 4 Successiv forandring i procent av impedansvarden vid frekvenser 
mellan 100 Hz - 10kHz 



16 pulser 


32 pulser 


48 pulser 


64 pulser 


-20.78512 


-2.943407 


1.0007481 


-2.663449 



Genom att lata styrenheten i figur 10 matematiskt behandl a och presentera det 
uppmatta behandl ingsresultatet sasom beskrivits ovan erhSlls en anordning som 
uppfyller onskemaien att vid behandlingen styra det elektriska faltets styrka. 
30 for att fa under! ag for att avbryta behandlingen vid ratt tillfalle och for 
att kunna tolka det direkta utfallet av behandlingen med det elektriska 
faltet. 

Av ovanstaende beskrivning framgar att i en mycket enkel tillampning av upp- 
35 finning bestams vavnadens impedans vid endast en frekvens. Darvid valjs en me- 
delhog frekvens t ex 15kHz. Pul sgeneratorns inre impedans infors i datorn som 
ett fast varde vari genom vavnadens impedans bestams genom en rakneoperation 
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motsvarande den som beskrivits ovan. Vid tillampningar av uppfinningen anvands 
dock som regel manga frekvenser for att eliminera risker for ev storningar som 
kan paverka matresultatet . 

5 Det i fig 10 visade systemet innefattar organ for att justera pulsspanningen 
och dess frekvensinnehal 1 sa att det elektriska faltet i den behandlade 
vavnaden alltid ar konstant oberoende av impedans- eller resistansandringar 
hos vavnaden. Organen ger aven underlag for bedomning av den uppnadda 
behandlingseffekten dari genom att den har en uppbyggnad som gor det mojligt 
10 .att presentera t ex enkla forstaeliga varden och grafer vilka genom 
matematiska operationer har extraherats fran uppmatta impedans- eller 
resistansdata. 

Vid til lampning av uppfinningen i den utforingsform dar en stralningssandare 
15 anvands bildar stral ningssandaren och elektroderna i vissa utforingsformer 

tillsammans med elektrodappl ikatorn och impedansmatenhet^n en samrnanhallen me- 
kanisk enhet. Denna har en utformning som gor det mojligt att i ett begransat 
omrade hos en manniska eller ett djur applicera sSval strSl ningssandaren som 
elektroderna i positioner dar den joniserande stralningen ar riktad mot den 
20 vavnad som behandlas och dar elektroderna har positioner i vilka elektriska 
fait mellan dessa passerar genom vavnaden, I andra utforingsformer utgor orga- 
nen separata mekaniska delar som tillsammans och i forekommande fall tillfal- 
ligt eller undre langre tid bildar ett system av organ med en sammansattning 
motsvarande den som ovan angivits for anordningen 40. 

25 

Ovanstaende detal jbeskrivning har endast refererat till ett begransat antal 
utforingsformer av uppfinningen, men det inses latt av fackmannen att uppfin- 
ningen inrymmer ett stort antal utforingsformer inom ramen for de efterfol- 
jande patentkraven. 



35 980331 MG/Fgi 
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SM 245.3/2 

PATENTKRAV 

5 »1. Anordning (60) for att styra storleken pa, formen hos och/eller varaktig- 
heten hos elektriska fait som genereras av en spanningsgenerator (1) mel - 
lan i anordningen ingaende elektroder (6,15,16,24) eller mellan till an- 
ordningen anslutna elektroder (6.15.16.24), dar anordningen innefattar 
organ (4,5) for fordelning av spanningspulserna till elektroderna 

10 (6,15,16.24) for bildandet av de elektriska falten och dar elektroderna 

ar utformade for att fastas vid ett begransat omrade hos en manniska 
eller hos ett djur eller ar utformade for att inforas i sagda omrade. 
kannetecknad darav, att en i anordningen ingaende impedans- 
matenhet (50) ar anordnad for att vid behandling av vavnad eller organ 

15 intill eller i sagda omrade bestamma impedansen ocb/eller resistansen 

mellan sagda elektroder och att en styr- och omrakningsenhet (10) ingar i 
anordningen eller ar kopplad till denna for att fore varje spanningspuls 
eller kedja av spanningspulser och baserat pa den uppmatta impedansen 
och/eller resistansen styra storleken pS. antalet av. formen hos 

20 och/eller varaktigheten for de spanningar som pal.aggs elektroderna. 



2. Anordning enligt krav 1, kannetecknad darav, att styr- och 
omrakningsenheten (10) innefattar en bildskarm. att styr- och omraknings- 
enheten ar anordnad for att fore starten av spanningsgeneratorns (1) 
25 generering av en puis eller kedja av pulser pa bildskarmen (10a) visa av 

styr- och omrakningsenheten beraknad utformning av pulsen eller kedjan av 
pulser och att i styr- och omrakningsenheten ingfir organ for manuell 
eller automatisk acceptans av sagda beraknade utformning. 

30 3. Anordning enligt krav 1 eller 2. kannetecknad darav. att 
elektroderna (6,15,16.24) ar gemensamma for impedansmatenheten (50) och 
for organet (4,5) for avgivandet av spanningspulserna eller att separata 
elektroder (4,5) ar anordnade for impedansmatenheten och organet for 
avgivande av spanningspulser. 



20 
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Anordning enligt nagot av foregaende krav. kannetecknad 
darav, att elektroderna (6.15.16.24) ar anordnade for att vid behand- 
lingen vara placerade i ett begransat omrade i en manniska eller i ett 
djur eller i positioner medforande att det elektriska faltet passerar 
genom sagda omrade. 

Anordning enligt nagot av foregaende krav. kannetecknad 
darav. att i anordningen ingar organ (34) for tillforande av terapeutiska 
substanser. genetiskt material och/eller joniserande straining till sagda 
begransade omrade hos en manniska eller hos ett djur eller att 
anordningen ar utformad for att samverka med ett sadant organ (34). 

Anordning enligt nagot av foregaende krav. kannetecknad 
darav. att anordningen innefattar sensorer (8) for detektering av elekt- 
riska fait bildade av elektroderna (6.15.16.24) och att sensorerna ar an- 
slutna till ett registrerings- och omrakningsorgan (10) for berakning av 
den elektriska faltstyrkans storlek i behandl i ngsomradet och att for 
reglering av amplituden hos de pa elektroderna palagda spanningspul serna 
registrerings- och omrakningsorganet (10) ar anslutet till hogspannings- 
generatorn (1) och/eller till organ (2.3.4) inkopplade mellan hogspan- 
ningsgeneratorn (1) och elektroderna (6.15.16.24). 

Anordning enligt nagot av foregaende krav. kannetecknad 
darav. att elektroderna (6) ar anordnade for att exiteras vaxelvis och 
endast tva at gangen. 

Anordning enligt nagot av foregaende krav. kannetecknad 
darav. att i anordningen ingar sensorer (14) for detektering av avstandet 
mellan elektroderna (6) hos varje par av exiterade elektroder och att re- 
gistrerings- och omrakningsorganet (10) innefattar organ for att baserat 
p3 avstandet mellan elektroderna install a spanningen mellan elektroderna 
(6) hos varje par av exiterade elektroder. 
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9. Anordning enligt nagot av foregaende krav, kannetecknad 
darav. att elektroderna (6) ar utformade som nSlar (15) eller sti letter 
(16). 

5 

10. Anordning enligt nagot av foregaende krav, kannetecknad 
darav. att elektroderna (6.15.16,24) helt omsluts av ett elektriskt iso- 
lerande skikt (17) eller har ett elektriskt isolerande skikt som atmins- 
tone lamnar en elektriskt ledande spets hos elektroderna oisolerad. 

10 

11. Anordning enligt nagot av foregaende krav, kannetecknad 
darav, att en elektrodapplikator (5,23) ar anordnad for att atminstone 
temporart fixera elektroderna fore elektrodernas placering pa eller i be- 
handlingsomradet. 

15 

12. Anordning enligt krav 11, kannetecknad darav, att elektrod- 
applikatorn (23) har en storlek och form som ar anpassad efter det karl . 
kroppsoppning eller kroppskavitet dar den skall placeras. 

20 13. Anordning enligt krav 11, kannetecknad darav. att elektrod- 
applikatorn (5) innefattar en fixtur (18) for fixering av elektroderna 
(15,16) i ett fixt monster. 

14. Anordning enligt krav 11, kannetecknad darav. att fixturen 
25 (18) ar forsedd med ett antal hal for placering av elektroderna i ett vid 

varje behandlingstillfalle onskat monster. 

15. Anordning enligt krav 11, kannetecknad darav, att elektrod- 
applikatorn (23) ar anordnad med elektroder (24) placerade pa applika- 

30 torns yta eller att elektroderna (24) ar placerade i kanaler (25) myn- 

nande i oppningar i applikatorns yta och medelst distanskontroll for- 
flyttbara i kanalerna och atminstone del vis ut genom oppningarna for att 
foras in i vavnaden kring applikatorn. 
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16. Anordning enligt nagot av kraven 1-10, kannetecknad darav, 
att anordningen innefattar minst en kanyl (19) var och en anordnad for 
att temporart innesluta en elektrod. 

5 

17. Anordning enligt nagot av foregSende krav. kannetecknad 
darav. att elektroderna (6.15,16.24) bestir av radioaktivt material eller 
ar utformade med haligheter for upptagande av radioaktiva preparat (21). 

10 18. Anordning enligt nagot av foregaende krav. kannetecknad 

darav, att elektroderna (6.15.16.24) ar belagda med ett skikt (27) av po- 
rost material for upptagande av terapeutiska substanser (28). 



25 
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SAMMANFATTNING 

I en anordning (60) enligt uppfinningen ingar en spanningsgenerator (1) for 
generering av kortvariga spanningspulser for spanningssattning av i 
5 anordningen ingaende elektroder (6.15.16.24) och en matenhet (50) som ar 

kopplad till elektroderna. Dessa ar utformade for att fastas vid eller inforas 
i vavnad i ett begransat omrade hos en manniska eller ett djur for att men an 
sig bi Ida elektriska fait i vavnaden. Matenheten (50) ar anordnad for att 
bestamma impedansen mellan elektroderna vilken i huvudsak bestams av de 
10 elektriska egenskaperna hos den vavnad som bef inner sig mellan elektroderna. 
Ett registrerings- och berakningsorgan (10) bildar en styrenhet som baserat pa 
den av matenheten bestamda impedansen styr spanningsgeneratorns utspanning sa 
att det elektriska fait som bildas i vavnaden alltid har ett forutbestamt 
varde. 

15 » 

Behandlingen med det elektriska faltet astadkommer en perforering av 
cellmembran i vavnaden vilka darigenom ti Hater passage av till kroppen 
tillforda amnen (t ex cytostatika eller genetiskt material). 

20 

Fig 10 
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Fig. 4 c,d 
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Fig. 6 a 
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An apparatus (60) according to the present invention 
includes a voltage generator (1) for generating brief voltage 
pulses for the impression of voltage on electrodes (6, 15, 16, 24) 
included in the apparatus, and a measurement unit (50) which is 
coupled to the electrodes. These are designed to be secured at or 
inserted in tissue in a restricted region of a human or an animal 
in order therebetween to form electric fields in the tissue. The 
measurement unit (50) is disposed to determine the impedance 
between the electrodes which is substantially determined by the 
electric properties of the tissue which is located between the 
electrodes. A registration and calculator device (10) forms a 
control unit which, based on the impedance determined by the 
measurement unit, controls the output voltage of the voltage 
generator such that the electric field which is formed in the 
tissue always has a predetermined value. The treatment with 
the electric field realizes a perforation of cell membranes in the 
tissue which thereby permits the passage of substances fed to 
the body (e.g. cytostatic or genetic material). 
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AN APPARATUS FOR CONTROLLING THE GENERATION OF ELECTRIC FIELDS 

The present invention relates to an apparatus for generating pulses of 
electric fields in a restricted area of a human or an animal according 
to the preamble to the appended independent Claim. 

The therapy forms which are routinely employed in modern medical care 
for tumor therapy are examples of treatment types where the outcome of 
such treatment is unsatisfactory. For example, in tumor therapy un- 
successful attempts are often made to achieve local tumor control, 
which is the cause of mortality of approximately 30% of cancer 
patients. It is, therefore, important to develop a new and improved 
technique for local and regional tumor treatment. 

In today 's medical care, surgery, chemotherapy and radiation therapy, 
also known as radiation treatment, or combinations hereof are the most 
commonly employed methods for treating malignant tumors. Approximately 
every second patient suffering from infiltrating cancer is treated with 
radiation therapy, but only roughly half of the patients are cured. 
This failure is, on the one hand, the cause of the presence of wide- 
spread disease (distal metastasis) or relapses (the return of tumors in 
the treated area), and on the other hand because certain types of tumor 
are resistant to radiation treatment or chemotherapy. 

With varying success, attempts have been made to reinforce and improve 
the efficiency of radiation therapy in sterilizing tumors. For example, 
use has been made of more sophisticated radiation therapy techniques, 
such as stereotactic treatment, "conformal radiotherapy", of altered 
fractioning or added pharmaceuticals to increase the radiation sensi- 
tivity of the tumors. 

Use is also made of heat as an adjuvant ionizing radiation, which, for 
certain tumor forms, may increase the number of complete remissions by 
up to a factor of two. 
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Also in certain purely medically treated diseases in local organs, the 
outcome of treatment is occasionally insufficient. It is obvious that, 
in addition to the wishes which exist regarding improved techniques for 
treating, for example, tumors, there are not only wishes but also needs 
for a more efficient technique for treating certain other diseases. In, 
for example, the local treatment of local organs or tumors, it is a 
major advantage if, on each treatment occasion, it is possible to adapt 
the intensity of the treatment to suit the status of the tissue in the 
local region or in the organ being treated. 

According to the present invention, use is made of a series of brief 
high voltage pulses for generating electric fields in the local region 
or in the organ which is to be treated. In the continuation of this 
description, use will also be made of the expression High Voltage 
Impulse Therapy, occasionally abbreviated to HVIT. 

The treatment with electric fields realizes a perforation of the cell 
membranes which thereby allow the passage of substances (e.g. cyto- 
static or genetic material) added to the body. The treatment involves 
increased inflow of therapeutic substances, whereby the effects of 
chemotherapy are amplified. The outflow of specific substances out of, 
for example, tumor cells moreover often realizes a stimulation of the 
immune system. In total dielectric collapse, the result is often 
achieved that the cells are sterilized directly by the electric fields 
formed by the high voltage pulses. In clinical experiments, the method 
has proved to be effective in combination with cytostatics (Bleomycin) 
for, for example, treating melanoma and tumors in the neck, head, 
liver, pancreas and lungs. 

In HVIT, the treatment result is determined by the number and duration 
of the high voltage pulses to which the tissue is subjected and how 
high electric field forces the impressed pulses create in the tissue, 
as well as the form or frequency the pulses possess. In order to 
achieve an effective and dependable treatment, it must be possible to 
control all of these physical parameters. Biological properties which 
affect the treatment result are, among other things, the electric 
conductive capacity of the tissue, its dielectric properties, the cell 
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sizes and the structures of the cell membranes. All of these properties 
vary between different tissues. In order to achieve optimum treatment 
effect, it is therefore necessary to measure how the electric prop- 
erties of the tissue change between each high voltage pulse or between 
the series of pulses, i.e. to establish when the cells are sufficiently 
perforated. 

In previously employed HVIT, it was not possible to monitor when the 
tissue was sufficiently perforated, i.e. when the treatment was com- 
pleted, which entailed that the tissue was occasionally undertreated 
and occasionally overtreated. This involved a degree of uncertainty in 
the treatment result. A typical HVIT treatment according to prior art 
techniques entails that an applicator was placed over the tissue which 
was intended for treatment. The high voltage generator was, for 
example, set such that the outgoing voltage corresponded to a field 
force in the target volume of approx. 1300 V/cm. The treatment was 
completed with a fixed number of pulses which it was known normally 
gave the desired result. The weaknesses in this procedure were, on the 
one hand, that the size of the electric field which the generator in 
reality generated in the tissue of the target volume was unknown, and, 
on the other hand, that it was not possible to assess when the treat- 
ment was sufficient. 

The present invention relates to an apparatus which includes mechanical 
devices for subjecting a tissue within a restricted region or an organ 
in a person or an animal for one or more pulses of an electric field at 
a field strength, configuration, duration and frequency adjustable for 
the relevant treatment occasion. The expression "duration" relates to 
both the length of the pulses and the number of pulses, the expression 
"frequency" relates to both how often the pulses are repeated and the 
frequency with which the field alternates during an ongoing pulse. 

The characterizing clause of the appended independent Claim discloses a 
technique which entails a substantial improvement to the efficiency of 
surgery, chemotherapy and radiation therapy. The technique is also 
applicable within modern molecular medicine where substances and 
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genetic DNA sequences which are to be introduced into tissue cells are 
customized. 

Further expedient embodiments of the present invention are disclosed in 
the appended subclaims. 

The present invention will now be described in greater detail 
hereinbelow, with reference to a numberof Figures, in which: 

Fig. 1 is a block diagram of a fundamental apparatus for applying 

electric fields in a restricted region of a person or an 
animal ; 

Fig. 2 is a block diagram of a fundamental apparatus for applying 

electric fields and/or ionizing radiation in a restricted 
region of a human or an animal; 

Fig. 3 is a block diagram of one embodiment of a combination of 

devices for forming electric fields in a restricted region 
of a human or an animal; 

Figs. 4a-d are embodiments of electrode applicators for external 
treatment of tissue; 

Fig. 5 shows one embodiment of an electrode applicator for 

intraoperative treatment of, for example, tumors and 
superficial tumor nodules; 

Figs. 6a-d show embodiments of electrodes and electrode applicators 
designed for interstitial treatment of tissue; 

Figs. 7a-c show embodiments of electrodes and electrode applicators 
designed for the treatment of, for example, tumors in 
bodily cavities and in organs accessible via large 
vessel s; 
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Fig. 8 shows embodiments of electrodes in which these are 

disposed for combination treatment with anti tumoral 
pharmaceutics; 

5 Figs, 9a-e show examples of configurations of voltage pulses applied 
to the electrodes; 

Fig. 10 is a simplified block diagram of one embodiment of the 

apparatus; 



10 
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Fig. 11a shows a model of the principle structure of living tissue; 

Fig. lib is an electric skeleton diagram of the electric structure 
of living tissue; and 

Fig. 12 is an electric model of a pulse generator connected to 

1 i ving ti ssue. 



Fig. 1 shows, in block diagram, the basic design of a high voltage 
20 generator 1, electrodes 6,15,16,24 and a registration and conversion 

device 10, for example a computer or a microprocessor 10, these devices 
all being included in the apparatus according to the present invention. 
Hereafter, the word computer will also be employed without any re- 
strictive intent for the registration and conversion device. Between 
25 the high voltage generator 1 and the electrodes 6,15,16,24, there are 
disposed one or more signal connections 32 and electric conductors 33. 
Between the computer 10 and the high voltage generator 1, and between 
the computer and the electrodes 6,15,16,24, there is provided one or 
more signal connections 32. While the signal connections 32 in the 
30 Figure are shown as directly connecting the computer and the elec- 
trodes, it will be obvious that the apparatus as such also includes 
devices described in the continued description of this application, 
such as switches 3, distributor 4, electrode applicator 5, etc. for 
controlling the voltage impressment of the electrodes, etc. 

35 

Fig. 2 shows one embodiment of the present invention in which a radi- 
ation transmitter 34 is connected via signal connections 32 to the 
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computer. In certain embodiments, the radiation transmitter is mech- 
anically interconnected to the high voltage generator, while in other 
embodiments it only has signal connection with the combination of 
devices illustrated in Fig. 1. 

Fig. 3 schematically shows one embodiment of a combination of devices 
for generating electric fields according to the present invention. The 
Figure shows blocks for a high voltage generator 1, a capacitor battery 
2, a switch 3, a distributor 4 for distributing the high voltage pulses 
which are generated on discharge of the capacitor battery 2 through the 
switch 3 to an electrode applicator 5 and electrodes 6 intended to be 
placed in or adjacent the tissue region 7 or organ 7 of a patient 
undergoing treatment. The high voltage generator 1, the capacitor bat- 
tery 2, the switch 3 and the distributor 4 are connected in series with 
one another by means of electric conductors 33. Between the distributor 
4 and the electrode applicator 5, there is provided at least one elec- 
tric conductor 33 and at least one signal connection 32. Via the signal 
connections 32, the distributor 4 controls the voltage impression of 
the electrodes of the electrode applicator, via which the electric con- 
ductors 33 are interconnected to the distributor 4 and via the electric 
conductor 33 to the switch 3. In one alternative embodiment, each 
electrode 6 is electrically connected to the switch 3 by means of an 
electric conductor 33. 

As a rule, the distributor 4 or an electrode applicator impresses 
voltage simultaneously on only two electrodes 6, while the other 
electrodes are permitted to assume that potential which is determined 
by the placing of the electrode in the treatment region. The term 
voltage impression also includes in this context the fact that one or 
more electrodes are earthed (have zero potential). The switch 4 and/or 
the electrode applicator 5 are disposed to permit, if so wished, the 
voltage impression pairwise of all electrodes which are placed in the 
treatment region. It will be obvious to a person skilled in the art, 
that, in certain embodiments, the devices are provided in order, on 
voltage impression, to allocate to several electrodes a substantially 
corresponding (the same) potential. 
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All units are, via signal connections 32 which, in certain embodiments, 
are wholly or partly wireless, connected to a registration and con- 
version device 10 with a screen 10a. Hereafter, the designations con- 
trol and conversion unit 10 or computer 10 will be employed for the 
registration and conversion device. The computer 10 constitutes a 
control and monitoring device for the function of the apparatus. 

The expression electrode applicator 5 relates to a retainer member for 
the electrodes 6, where the retainer member is designed to facilitate 
the correct application of the electrodes at or in the treatment re- 
gion. 

The computer is set as a rule for the high voltage pulses to contain 

the following data: 

repetition frequency approx. 0.1-10000 per second 

amplitude approx. 50-6000V 

pulse length approx. 0.1-200 ms 

number of pulses 1-2000 per treatment. 

The pulses are applied before, during or immediately after the radi- 
ation treatment. Examples of pulse configuration employed are square 
pulse with a pulse length of 0.1-2 ms or exponentially fading pulse 
with a time constant RC approximately equal to 0.1-2 ms. In large 
amplitudes of the voltage, shorter pulse lengths are generally se- 
lected, and vice versa. 

The high voltage generator 1 is, as a rule, disposed to emit modulated 
a.c. voltage of a frequency within a range of 40 Hz-2 MHz and as a rule 
within the range of 40 Hz-100 kHz. In those embodiments where the high 
voltage generator is disposed to emit a.c. voltage of high frequency, a 
modulator is employed instead of a capacitor battery and switch for 
generating short modulated high frequency pulses with a pulse length 
within the range of approx. 0.1-200 ms. 



As will be apparent from the embodiment illustrated in Fig. 3, the 
apparatus generally also includes sensors 8 intended to be applied to 
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the patient in the treatment region. The sensors are connected via a 
detector interface 9 to the registration and conversion device 10. On 
application of the treatment pulse, a signal is generated in the 
sensors 8 which, via the interface 9, is transferred to and registered 
in the computer 10. From the measured signals, the computer calculates 
the electric field force induced by the pulse and the electromotive 
force in different parts of the treatment region 7. These signals en- 
tail that the computer 10 emits signals to the high voltage gener- 
ator/capacitor battery (feedback) to adjust the amplitude of the 
generated pulses so that the predetermined field force is achieved in 
the treatment region. This monitoring and adjustment take place con- 
tinuously during the application of the pulses. 

Figs. 4a-d show embodiments of electrode applicators 5 for external 
treatment of a patient with the electrodes 6 applied in a restricted 
region on the patient and in different configurations around the tissue 
region 7, for example a tumor 7, which is to be treated. Figs. 4a and 
4b show how by crosswise application of the electric high voltage 
pulses to different combinations of two electrodes 6, the result will 
be achieved, as marked in the Figure by the electric field force lines, 
that the electric field passes through all parts of the tissue region 
7. 

Figs. 4c-d show how electrodes are designed with abutment surfaces of 
different sizes in order for the field lines to be focused to the 
desired treatment region. At the beginning of the treatment, the 
electric high voltage pulses have, for example, a voltage which is 
adjusted in accordance with the distance between the electrodes. The 
voltage is then adjusted in accordance with the relationship: 
Voltage = (constant) x (the distance between the pairwise 
electrodes). The value of the constant is varied in response to the 
type of tissue and is, as a rule, selected at values between 
approx. 500-3000 V/cm. 

Once the treatment has commenced, the control unit and impedance 
measurement unit described below regulate the output voltage of the 
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pulse regulator to values which entail that the sought-for electric 
field force passes through the tissue. 

Fig. 5 shows one embodiment of an electrode applicator 5 for intra- 
operative treatment, and treatment of, for example, superficial tumor 
nodules 7. The electrode applicator has a scissors-like design and 
comprises two shanks 12 of electrically insulating material (e.g. 
teflon) which are movably interconnected to one another in a journal 
11. The shanks are provided with a gripping lock 13. At one end of each 
shank 12, the shanks are provided with finger grips and at the other 
ends with electrodes 6 which grasp about the tumor nodules 7. The grip 
locks 13 fix the shanks 12 in the set position. The voltage of the 
electric high voltage pulses is adjusted in response to the size of the 
tumor 7 with the aid of a distance sensor 14 built into the electrode 
applicator and connected to the computer 10. The voltage is set at the 
beginning of the treatment, for example according to the relationship: 
Voltage = (constant) x (the distance between the pairwise 
electrodes). The value of the constant is adapted to the type of 
tumor and is, as a rule, selected within the range of approx. 
500-3000 V/cm. 

Once the treatment has commenced, the control unit and the impedance 
measurement unit described below regulate the output voltage of the 
pulse generator to values which entail that the sought-for electric 
field force passes through the tissue. 

Figs. 6a-d show embodiments of electrodes 15,16 and a fixture 18 for 
the electrodes, where the electrodes and the fixture are suitable for 
use for interstitial treatment of both superficial and profound tissue. 
Fig. 6a shows the electrodes 15,16 in two different embodiments, namely 
in one embodiment in which the electrodes 15 are needle-shaped and in 
one embodiment in which the electrodes 16 are stiletto-shaped. Each one 
of the electrodes 15,16 is, in a portion 31 most proximal their one 
end, provided with an electric conductor 33 for connection to the high 
voltage generator 1. The above-mentioned portion is provided with an 
electrically insulating layer 17 or an electrically insulating sleeve 
17 in which the electrode is inserted. 
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The electrodes are applied in different configurations in and about the 
tissue 7 or the organ 7 which is to be treated, either direct by free 
hand or with the aid of an electrode applicator (fixture) 18 provided 
with a hole. The electrode applicator is, as a rule, designed so as to 
be removed from the electrodes 15,16 once these have been applied on 
the patient. It will thereby be possible to allow the electrodes to 
remain in position in the patient to be used on several subsequent 
treatment occasions. Alternatively, the electrode applicator is removed 
together with the electrodes 15,16 after each treatment. Also in inter- 
stitial treatment, there are electrodes with surfaces of different 
sizes for controlling the extent of the electric fields. 

Those parts of the electrodes 15,16 which are intended to be inserted 
into the patient to cover the extent of the tissue 7 which is to be 
treated are, for example, manufactured of stainless steel of a quality 
which agrees with or corresponds to that employed for injection 
syringes or are manufactured or coated with another tissue-friendly 
metal such as a noble metal, for example gold or platinum. The remain- 
ing portion of the electrodes forms an insulated portion 17 with input 
conductors 33 for the high voltage pulses. On the employment of flex- 
ible input conductors, the electrode is placed in a large cannula 19 
which, after application of the electrode in the patient, is withdrawn, 
the electrodes remaining in position in the tissue. 

In certain embodiments, the electrodes consist of radioactive metal 
(e.g. iridium-192, cobalt-60) or are surface coated with radioactive 
substances (e.g. iodine-125). In other embodiments, they are designed 
as tubes 20 of inert metal which are charged with radioactive material 
(e.g. 192 Ir, 137 Cs, 226 Ra) which advantageously takes place by the employ- 
ment of a so-called after loading device 22. The pulses have a voltage 
which, at the start of the treatment, for example are determined by the 
distance between the electrodes. The voltage is then set according to 
the relationship: 

Voltage = (constant) x (the distance between pairwise electrodes). 

The value of the constant is selected in response to the type of 
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tumor and, as a rule, selected within the range of approx. 500-3000 
V/cm. 

Once the treatment has commenced, the control unit and the impedance 
measurement unit described below regulate the output voltage of the 
pulse generator to values which entail that the sought-for electric 
field force passes through the tissue. 

In those applications where treatment with electric fields is combined 
with radiation treatment from a radiation source which is located 
outside the treatment region, the electrodes in the treatment region 
are supplied with electric voltage pulses before, during or immediately 
after the radiation treatment. 

Figs. 7a-c show electrodes 24 for treating tissue accessible via, for 
example, major vessels, or via bodily cavities, for example respiratory 
tracts, urinary tracts and stomach-intestinal trait. The electrodes are 
disposed on the surface of a cylinder-like electrode applicator 23 of 
insulating material 17. In certain embodiments, the electrodes are 
designed such that they are introduced into the tissue through channels 
25 in the applicator 23 operated by a remote control. As will be ap- 
parent from Fig. 7c, the channels 25 (according to the embodiment 
described in the preceding sentence) discharge in the circumferential 
surface of the electrode applicator, whereby the electrodes 24 are, on 
their displacement, guided into tissue surrounding the electrode appli- 
cator. In certain embodiments, the applicator is disposed to be 
supplied with radioactive preparations, whereby the applicator also 
forms a radiation device. The applicator is disposed to be supplied 
with the radioactive preparations manually or by means of an after 
loading device 22. The voltage of the electric high voltage pulses is 
adjusted during the treatment. 

The field lines in Fig. 7a indicate the extent of the electric field 
lines in the tissue. 

For intracavity treatment of tissue in different, irregularly shaped 
bodily cavities (e.g. oral cavity, respiratory tracts, oesophagus, 
stomach, uterus, bladder, ureter, rectum) electrode applicators 23 are 
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applied as is apparent from Figs. 7a-c, particularly designed in re- 
sponse to the configuration of the cavity, with electrodes applied on 
the surface 24 or alternatively designed as needles which, through 
channels 25, are passed into the tissue by remote control. These 
applicators are suitable for use when treating, for example, lung 
cancer, liver tumors, renal tumors and tumors in the stomach-intestines 
with reduced absorbed dose for reducing side effects of the radiation 
treatment in normal tissue. Prostate cancer is treated with applicators 
applied via the rectum and the ureter. These applicators are, in cer- 
tain embodiments, designed to be charged with radioactive sources or 
radioactive material 21, either manually or using an after loading 
device 22. 

Fig. 8 shows an apparatus for combined treatment with ant i tumoral 
pharmaceutics where the electrode 6 is coated with a layer 28 of porous 
metal, glass, ceramics, inert plastic or other polymer which contains 
antitumoral pharmaceuticals 29 (e.g. bleomycin, platinol, taxol , mono- 
clonal antibodies), genetic material (chromosomes, DNA) or radioactive 
substances (e.g. iodine 125, Auger-electron emitters) 29. This type of 
electrode is well suited for use in radiation therapy, since the high 
electric field force increases the permeability of the tumor cell for 
the above mentioned substances and thereby increases the antitumoral 
effect. 

Figs. 9a-e show examples of pulse forms in the voltage pulses which are 
pairwise applied to the electrodes 6,15,16,24. In the Figures the 
height of the pulse represents the voltage between two electrodes. The 
width of the pulse represents the length of the pulse. The Figures 9a 
and 9c show examples of square pulses, Figs. 9b and 9d examples of 
pulses whose voltage fades with time, and Fig. 9e pulses of alternating 
voltage. Figs. 9c and 9d show voltage pulses where, analogous to that 
which applies in alternating voltage, the electrodes alternatingly have 
the highest voltage, whereby a corresponding change takes place of the 
electric field between the electrodes. 

The above described electrodes 6,15,16,24, the voltage generator 1, the 
control and converter device 10, also previously designated the 
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computer and an impedance measurement unit 50 are included in the block 
diagram shown in Fig. 10. The voltage generator, the computer, the 
electrodes and the impedance measurement unit are interconnected with 
one another by electric conductors for impressing voltage on the elec- 
5 trodes and for transferring signals. It will be obvious to a person 

skilled in the art that, in certain embodiments, at least a part of the 
signal connections are designed as wireless connections. 

Fig. 11a shows the basic structure of living tissue, while Figure lib 
10 shows an electric outline diagram for the electric structure of the 

tissue. The correspondences between the resistances and the capacitance 
in the electric diagram and in the tissue are apparent from the desig- 
nations of the components and the continued description. 

15 Fig. 12 shows the basic electric structure of a pulse generator 1, 

previously also designated high voltage generator. The Figure shows how 
the impedance of the tissue Ztissue via the electrodes 6,15,16,24 is con- 
nected in series to the inner impedance of the pulse generator Zgenerator. 
Reference letter U relates to electromotive force (EMF) of the pulse 

20 generator. 

It will be obvious to a person skilled in the art that the above 
described mechanical units, in certain embodiments of the present 
invention, form mutually separate mechanical units which are inter- 
25 connected with each other by means of electric conductors and signal 
connections, while, in other embodiments, some or all of these units, 
with the exception of the electrode applicator and the electrodes, form 
a mechanical unit which is co-ordinated with the voltage generator, the 
impedance measurement unit or the computer. 

30 

As will have been apparent from the foregoing description, the present 
invention relates to an apparatus for high voltage impulse therapy 
(HVIT) with detection of the treatment effect. The apparatus includes 
an impedance measurement unit which, on treatment of tissue or organs, 
35 is employed for measuring the electrical impedance of the tissue. The 
impedance measurement unit is, as a rule, disposed to measure the 
impedance of the tissue at, at least, one frequency. Normally, the 
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impedance measurement unit is disposed to measure the impedance of the 
tissue within a frequency range, e.g. within the range of 10 Hz to 
10 Mhz. With the aid of a mathematical algorithm, a test magnitude is 
calculated whose value is a measurement of the treatment effect. 

The voltage across the tissue will be in accordance with that shown in 
Fig. 12: 

Utissue = Ugenerator * Ztissue / (Ztissue + Zgenerator) 

The impedance of the tissue varies extremely, depending upon the cell 
structure and build up of the tissue, the nature of the surrounding 
tissue and the quantity of bodily liquids which are found in and around 
the treated region. Since the output impedance of the generator is not 
slight in relation to the impedance of the tissue, the output voltage 
will vary greatly depending upon where and how the applicator is 
placed. It has proved, in practical experiments, that even if an appli- 
cator is placed at the same point, marked with a colour on the body, 
the impedance will vary greatly from time to time, depending upon minor 
differences in placing and contact impedance, as well as differences in 
fluid quantity and the nature of the tissue. 

In order to be able to predict the actual pulse voltage from the pulse 
generator, the impedance of the tissue must be known at any time. Only 
if the output voltage from the generator is adjusted on the basis of 
the generators output impedance and the impedance of the relevant tis- 
sue will it be possible to achieve a predictable and constant effect. 
According to the present invention, the apparatus includes means for 
measuring the impedance of the treated tissue and means for employing 
this information for controlling the output voltage of the pulse gener- 
ator such that the desired field force is always achieved in the tis- 
sue. 

Fig. 10 illustrates such a system. A control unit is included in the 
apparatus and measures, with the aid of the impedance measurement unit, 
the impedance of the tissue. The control unit adjusts the output 
voltage from the generator so that the desired field force is achieved. 
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In the control unit, which, for example, is a PC, the desired field 
force is set whereafter the control unit measures the impedance in the 
tissue and calculates the requisite pulse voltage from the generator. 
When a pulse is subsequently applied, the field force will always be 
constant, since the control unit always measures and adjusts the 
voltage from the generator before the pulse is generated. 

With the system in Fig. 10 the sought-for effect will be achieved, e.g. 
to maintain a constant output voltage from the pulse generator inde- 
pendently of the impedance in the tissue. It also proves that a system 
according to Fig. 10 is excellent for measuring and assessing the 
treatment result achieved in HVIT. By measuring impedance and carrying 
out analysis of impedance change in the tissue after a pulse has been 
applied, the documentary support is given for assessing when the treat- 
ment is completed and no more pulses are needed or give a further 
positive effect. This method builds on the tissue model shown in Fig. 
11a, b. 

The impedance in tissue substantially consists of three components, the 
resistance in the extra cellular fluid, the resistance in the intra 
cellular fluid and the capacitance which is formed between the D.C. 
insulating effect of the cell membrane. In the model, we have combined 
the impedance effect of the cell core with the resistance in the intra- 
cellular fluid. At low frequencies, only current will flow through the 
extra cellular liquid and the impedance is determined substantially by 
Rev. At medium-high frequencies, the capacitance of the cell membrane 
Ccm together with the resistance of the intracellular liquid, Riv, will 
begin to effect the impedance. At high frequencies, substantially the 
components Rev and Riv will effect the impedance of the tissue. Thus, the 
result will be a frequency dependence in the impedance of the tissue 
which is largely dependent on the thickness of the cell membrane and 
the formation of the cells. At low frequencies, the impedance is 
approximately Rev and at high frequencies Rev//Riv. The symbol // is 
employed to indicate that Rev is connected in parallel with Riv. 

Ztissue = Rev // (Riv + Ccm) 
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Since the treatment with electric fields is intended to render the cell 
membrane permeable or to wholly destroy it, a clear indication will be 
obtained by measuring the change in Ccm as to whether the treatment is 
completed or not. When all cell membranes in the tissue are destroyed, 
5 no change of Ccm will take place any longer and the tissue is ready- 
treated. 

Table 1 below illustrates a compilation of impedance measurements taken 
during the treatment of rats with tumors. 

10 

Table 1 Measured tissue impedance in ohm in rats with tumor 
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It will be apparent from Table 1 that the impedance reduces at low and 
medium-high frequencies after treatment with pulses. The reduction 
principally takes place after the introductory 16 pulses and the change 

5 rapidly fades thereafter. Thus, the rat is substantially ready-treated 
already after the first 16 pulses and further treatment after 32 or 48 
pulses gives no major change in Ccm.. The measurement data in Table 1 
indicates that the treatment is completed after 32 pulses. In order to 
confirm this assessment, the measured measurement values have been 

10 taken and treated as described below. 

Table 2 shows the impedance change in per cent at different frequencies 
after the electric fields generated by 16 voltage pulses have passed 
through the tissue. In the Table, the change of the impedance is given 
15 in per cent which occurred each time when a series of electric fields 
generated by the voltage pulses has passed through the tissue. 
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Table 2 Impedance change in per cent after treatment with 16 pulses at 
a time 
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5 The heading of the Table discloses the accumulated number of pulses of 
electric fields which have passed through the tissue. On each treatment 
occasion, a series of 16 pulses is passed through the tissue. That 
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disclosed in this paragraph for the table heading in Table 2 also 
applies to the table headings for Tables 3 and 4 used below. 

It will be apparent from Table 2, in the same manner as Table 1, that 
the treatment may be discontinued after 32 pulses, since the impedance 
change fades dramatically. Table 3 below shows the mean value of the 
impedance change after different numbers of pulses. The mean value is 
formed from all measurement frequencies between 10 Hz and 200 kHz. In 
Table 3, it is clearly seen that the largest impedance change takes 
place after the first 16 pulses and only a slight change takes place on 
further treatment. 

Table 3 Progressive change in per cent of impedance value at 
frequencies between 10 Hz-200 kHz 



16 pulses 


32 pulses 


48 pulses 


64 pulses 


-19.9568 


-2.424687 


3.1275358 


-3.366544 



In Table 4, in mean value formation, frequencies below 100 Hz and 
frequencies over 10 kHz have been deleted. By deleting the lowest 
frequencies from the mean value, this prevents incorrect impedance 
values because of disturbance from the motorsystem of the body from 
influencing the result. The highest frequencies are deleted since the 
impedance change at these high frequencies is less when Ccm is changed 
and therefore does not contribute to an improved picture of the treat- 
ment result. 

Table 4 Progressive change in per cent of impedance values at 
frequencies between 100 Hz-10 kHz 



16 pulses 


32 pulses 


48 pulses 


64 pulses 


-20.78512 


-2.943407 


1.0007481 


-2.663449 



By allowing the control unit in Fig. 10 mathematically to treat and 
present the measured treatment result as described above, there will be 
obtained an apparatus which satisfies the wishes of controlling, in the 
treatment, the strength of the electric field in order to obtain a 
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basis for discontinuing the treatment at the correct moment and for 
being able to interpret the direct outcome of the treatment with the 
electric field. 

From the foregoing description, it will be apparent that, in a very 
simple application of the present invention, the impedance of the 
tissue is determined at only one frequency. In such instance, a medium- 
high frequency, e.g. 15 kHz is selected. The inner impedance of the 
pulse generator is entered in the computer as a fixed value, whereby 
the impedance of the tissue is determined by a mathematical operation 
corresponding to that described above. In applications of the present 
invention, use is however made as a rule of many frequencies in order 
to eliminate the risks of any possible disruptions which may affect the 
measurement results. 

The system illustrated in Fig. 10 includes means for adjusting the 
pulse voltage and its frequency content so that the electric field in 
the treated tissue is always constant regardless of impedance or 
resistance changes in the tissue. Such means also give a basis for 
assessing the achieved treatment effect in that it is of a structure 
which makes it possible to present, for example readily understandable 
values and graphs which, by mathematical operations, have been ex- 
tracted from measured impedance or resistance data. 

On practical application of the present invention in the embodiment 
where a radiation transmitter is employed, the radiation transmitter 
and the electrodes, in certain applications together with the electrode 
applicator and impedance measurement unit, together form a cohesive 
mechanical unit. This is of a design which makes it possible, in a 
restricted region of a human or an animal, to apply both the radiation 
transmitter and the electrodes in positions where the ionizing radi- 
ation is directed at the tissue which is being treated and where the 
electrodes are in positions in which electric fields between them pass 
through the tissue. In other embodiments, such means constitute 
separate parts which, together and where applicable temporarily, or for 
a lengthy period of time, form a system of devices of a composition 
corresponding to that described above for the apparatus 40. 
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The above detailed description has referred to but a limited number of 
embodiments of the present invention, but a person skilled in the art 
will readily perceive that the present invention encompasses a large 
5 number of embodiments without departing from the scope of the appended 
claims* 
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CLAIMS 

1. An apparatus (60) for controlling the size of, configuration of 
and/or duration of electric fields which are generated by a voltage 
generator (1) between electrodes (6,15,16,24) included in the 
apparatus or between electrodes (6,15,16,24) connected to the 
apparatus, where the apparatus includes means (4,5) for dis- 
tributing the voltage pulses to the electrodes (6,15,16,24) for the 
formation of the electric fields, and where the electrodes are 
designed to be secured at a restricted region of a human or an 
animal or are designed to be inserted in said region, 
characterized in that an impedance measurement unit 
(50) included in the apparatus is disposed, on treatment of tissue 
or organs adjacent or in said region, to determine the impedance 
and/or resistance between said electrodes; and that a control and 
converter unit (10) is included in the apparatus or is connected 
thereto in order, prior to each voltage pulse or chain of voltage 
pulses and based on the measurement impedance and/or resistance, to 
control the size of, number of, configuration of and/or duration of 
the voltages applied to the electrodes. 

2. The apparatus as claimed in Claim 1, characterized in 
that the control and converter unit (10) includes a VDU (10a); that 
the control and converter unit is disposed, prior to the start of 
the generation by the voltage generator (1) of a pulse or chain of 
pulses, to show on the VDU (10a) the form of the pulse or chain of 
pulses calculated by the control and converter unit; and that means 
are included in said control and converter unit for manual or 
automatic acceptance of said calculated formation. 

3. The apparatus as claimed in Claim 1 or 2, character- 
ized in that the electrodes (6,15,16,24) are common for the 
impedance measurement unit (50) and for said means (4,5) for 
emitting voltage pulses; or that separate electrodes (4,5) are 
provided for the impedance measurement unit and said means for 
emitting voltage pulses. 
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4. The apparatus as claimed in any of the preceding Claims, 

c h a r a c t e r i z e d in that the electrodes (6,15,16,24) are 
disposed, on the treatment, to be placed in a restricted region in 
a human or in an animal or in positions entailing that the electric 
fields pass through said region. 

5. The apparatus as claimed in any of the preceding Claims, 
characterized in that the apparatus includes means 
(34) for supplying therapeutic substances, genetic material and/or 
ionizing radiation to said restricted region of a human or of an 
animal; or that the apparatus is designed to cooperate with such 
means (34). 

6. The apparatus as claimed in any of the preceding Claims, 
characterized in that the apparatus includes sensors 
(8) for detecting electric fields formed by the electrodes 
(6,15,16,24); and that the sensors are connected to a registration 
and converter device (10) for calculating the size of the electric 
field strength in the treatment region; and that, for regulating 
the amplitude of the voltage pulses applied on the electrodes, the 
registration and converter device (10) is connected to the high 
voltage generator (1) and/or to means (2,3,4) connected inbetween 
the high voltage generator (1) and the electrodes (6,15,16,24). 

7. The apparatus as claimed in any of the preceding Claims, 
characterized in that the electrodes (6) are disposed 
to be excited al ternatingly and only two at a time. 

8. The apparatus as claimed in any of the preceding Claims, 
characterized in that the apparatus includes sensors 
(14) for detecting the distance between the electrodes (6) in each 
pair of excited electrodes; and that said registration and con- 
verter device (10) includes means for adjusting the voltage between 
the electrodes (6) in each pair of excited electrodes based on the 
distance between the electrodes. 
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9. The apparatus as claimed in any of the preceding Claims, 
characterized in that the electrodes (6) are designed 
as needles (15) or stilettos (16). 

10. The apparatus as claimed in any of the preceding Claims, 
characterized in that the electrodes (6,15,16,24) are 
wholly surrounded by an electrically insulating layer (17) or have 
an electrically insulating layer which at least leaves an elec- 
trically conductive tip of the electrodes uninsulated. 

11. The apparatus as claimed in any of the preceding Claims, 
characterized in that an electrode applicator (5,23) 
is provided for at least temporarily fixing the electrodes prior to 
the placing of the electrodes on or in the treatment region. 

12. The apparatus as claimed in Claim 11, characterized 
in that the electrode applicator (23) is of a size and configura- 
tion which is adapted to the vessel, bodily aperture or bodily 
cavity where it is to be placed. 

13. The apparatus as claimed in Claim 11, characterized 
in that the electrode applicator (5) includes a fixture (18) for 
fixing the electrodes (15,16) in a fixed pattern. 

14. The apparatus as claimed in Claim 11, characterized 
in that the fixture (18) is provided with a number of holes for 
placing electrodes in a desired pattern on each treatment occasion. 

15. The apparatus as claimed in Claim 11, characterized 
in that the electrode applicator (23) is provided with electrodes 
(24) placed on the applicators surface; or that the electrodes 
(24) are placed in channels (25) discharging in apertures in the 
surface of the applicator and, by means of remote control, dis- 
placeable in the channels and at least partly out through the 
apertures in order to be inserted into the tissue around the 
appl icator. 
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The apparatus as claimed in any of Claims 1-10, 

characterized in that the apparatus includes at least 

one cannula (19) each one disposed for temporarily enclosing an 
electrode. 

The apparatus as claimed in any of the preceding Claims, 

characterized in that the electrodes (6,15,16,24) 

consist of radioactive material or are designed with apertures for 

accommodating radioactive preparations (21). 

The apparatus as claimed in any of the preceding Claims, 
characterized in that the electrodes (6,15,16,24) are 
coated with a layer (27) of porous material for accommodating 
therapeutic substances (28). 
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Fig. 4 a,b 
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Fig. 4 c,d 
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Fig. 6 b 
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Fig. 6 c 
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Fig. 6 d 
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Fig. 7 a-c 
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Fig. 8 
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Fig. 10 
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Fig. 12 



6,15,16,24 



^"tissue ^ 




6,15,16,24 



Pulse generator 



■generator 




16/16 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 99/00511 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: A61N 1/30, A61B 5/05 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: A61N, A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 9707853 Al (HISAMITSU PHARMACEUTICAL CO., INC.), 
6 March 1997 (06.03.97), abstract 



WO 9323112 Al (SCH0UENBORG, JENS), 

25 November 1993 (25.11.93), page 15, 
line 32 - page 16, line 30, abstract 



US 5527357 Al (G.E. SPRINGER, JR.), 18 June 1996 
(18.06.96), column 2, line 38 - line 55 



1-3,5-8, 
16-18 

9-15 



9,10 



11-15 



| y| Further documents are listed in the continuation of Box C. | y| See patent family annex. 



* Special categories of cited documents: 

"A' document defining the general state of the art which is not considered 

to be of particular relevance 
"E" erlicr document but published on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P* document published prior to the international filing date but later than 
the priority date claimed 



T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"&* document member of the same patent family 



Date of the actual completion of the international search 



2 Sept 1999 



Date of mailing of the international search report 

1 4 -09- 1999 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Lotta Gunnarsson/AE 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 99/00511 



C (Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4141359 Al (S.C. JACOBSEN ET AL.), 

27 February 1979 (27.02.79), column 3, 
line 45 - column 4, line 30 



WO 9707854 Al (BECT0N DICKINSON AND COMPANY), 

6 March 1997 (06.03.97), page 2, line 10 - page 4, 
line 10, abstract 



1-3,5-8 



1-3,5-8 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SE99/00511 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2Xa) for the following reasons: 
E><i Claims Nos.: 4 

because they relate to subject matter not required to be searched by this Authority, namely: 

A method for treatment of the human or animal body by surgery 
(Article 17(2) (a)(1), Rule 39.1 (iv) ) . 

2. Q Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

1) Device to control the size of the pulse with impedance 
measurements. (Claims 1-3 and 5-8). 



2) The shape of the electrodes that create the electrical field. 
(Claims 9-18) . 



1. As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant Consequently, this international search report is 

restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

[ ] No protest accompanied the payment of additional search fees. 



Form PCT/ISA/2 10 (continuation of first sheet (1)) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



International application No. 

PCT/SE 99/00511 



Patent document 




P uHlirrnf ton 




r Aitni inmiijr 


Piiminntinn 

1 UUJiwAUUU 


cited in search report 




date 




member(s) 


date 


WO 9707853 


Al 


06/03/97 


AU 


696832 B 


17/09/98 








AU 


6669996 A 


19/03/97 








CA 


2229872 A 


06/03/97 








EP 


0847775 A 


17/06/98 








JP 


9066111 A 

— / w w w a a a n 


11/03/97 








JP 


9108362 A 


28/04/97 


WO 9323112 


Al 


25/11/93 


AT 


141177 T 


15/08/96 








AU 


4096193 A 


13/12/93 








CA 


2135301 A 


25/11/93 








DE 


69304035 D,T 


19/12/96 








EP 


0606412 A,B 


20/07/94 








ES 


2090999 T 


16/10/96 








PL 


171134 B 


28/03/97 








SE 


469465 B,C 


12/07/93 










9201453 A 


12/07/93 








US 


5449378 A 


12/09/95 


US 5527357 


Al 


18/06/96 


AU 


2909195 A 


19/01/96 








wo 


9600108 A 


04/01/96 


US 4141359 


Al 


27/02/79 


us 


4166457 A 


04/09/79 


WO 9707854 


Al 


06/03/97 


AU 


6962496 A 


19/03/97 








CA 


2230813 A 


06/03/97 








EP 


0847293 A 


17/06/98 



Form PCT/ISA,aiO (patent family annex) (July 1992) 



